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AUTHOR’S PREFACE 


Whilst tho .s)’nthcHiH of l,he natural tannins has Ircen suc- 
cessfully outlined by JCmil I^'ischcr, it has been left to the 
Ciliemical Industiy, notably the J^adischc Aiiilin unci Socla- 
fabrik in Ludvvi^’shafen-on-the-Rhine, to discover the means 
of inakinf^' [Xissible the [iroduction of the synthetic tannins. 

'I'he scientific results of I'ischer’s researches arc to-day 
common knowled^'e, and these, together with ejuestions 
arising therefrom, will only be lightly touched upon in the 
book herewith presented. ICven an attempt at enumerating 
the present .synthetic tannins has so far not been published, 
and 1 have therefore availed myself of the opjK)rtunily of 
making a brief summary of them. My work at the H..A.,S.b'. 
deepened m_\' insight in this new field ; ample oppoi-lnnit}' 
of ap])lyiiu; ihest: synlhelie prodiiets in praeliee was gi\'en 
me when, as a result of the war, 1 w.is ap|)ointed leelinical 
■oiisultant to the .'\nstiian lliile and I.e.alher ( 'oinmission, 
Old in this capacity was called upon to ai;t as general adviser 
o the trade. I'he ultimate object of my scienlilic researches 
vas then to iiuestigate the chemi.sliy of this ])articidar field, 
ind this has led me to pre.sent a |)ictiire, coni|)lele as lar as it 
Mies, of this bi'anch ofehemic.’d lechnolog}’. 

riu' inlcnlion of the pi'esenl vohmie is to coinmunicate to 
he rcMdei' what has so lar lusm scientifically cwolved and 
irai'licall)’ .applieil in this field. birsl of .all, howcvc!', it 
na}’ iilustr.ile the c.xtreme importance and the imivers.al 
.pplic.abilil}' of the s^-nthctic tannins in the making of 
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leather. The modern leather industry cannot, to-day, be 
without these important products ; but also in tho.se tan- 
neries, where the synthetic tannins have not so far been 
regarded as indispensable, their use is strongly recom- 
mended. Just as in the case of the coal-tar dyes, the 
.synthetic tannins will make us independent of foreign 
supplies, and thus keep within our own border.s the va.sL 
sum of money required in former days for the purchase 
of foreign tanning materials. May this book prove; the 
means of providing an incentive for a still wider application 
of the synthetic tannins. 

CRASSER. 


Graz, August 1920. 





TRANSLATOR’S PREFACE 

)()(,;tok Grassicr liarclly necclH an introduction to the 
lather trade of tliis country in its scientific aspect, but if 
lie be soufflit for, none could serve tlie purpose better than 
translation of tlic book herewith presented to the Britisli- 
leakiny public. 

Viewed witli curiosity from their start, the synthetic 
nnins needed — like many other important discoveries— an 
dreme emer^-ency for the purpose of showing their value, 
he (ireat War provided the o[)portunity of which chemical 
dustry was to avail itself, and to-day we do not only sec 
nthetic tannins placed u()on the market as a veritable 
iumph of chemical technology and a creditable triumph of 
anufacturing chemistry; v'C also see their immensely 
ai'tical (pialities est.ablished as a fad, and, as the author 
ll\’ |■('lnali<s, 111) modern tanner can to-day dissociate hiin- 
If from the use of s)’ntlietic tannins for the production of 
ither in the true sense of this word, 'fhere is no branch of 
Lther-inaking where synthetic tannins cannot hel|) and 
prove processes already established. 

'I’lie immense number of substances patented by German 
mufacturing chemists for the [)ur[)o.se of producing synthetic 
ming materials is almost staggering. In view of this fact 
is doubly pleasing to see that British chemists have found 
.V ways, and are able to produce e(|ually good and more 
•ied .s^mlhelic tannins than has hitherto Ijcen deemed 
isiblc. The originator of these products and his acolytes 

vil 
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must at least share the credit with those who, in spite of the 
limitations necessarily set by the former, have Ircun al>lc to 
find new and better ways. 

In his book Dr Gras.ser ‘^ives a sliort review of the 
necessary forerunner of any work upon synthetic tannins : 
the inve.stigations and syntheses of the natural tannins. It is 
certainly to be hoped that we may .soon see .such works as 
those of Fischer’.s and Freiidenberg's, recently published, 
translated into Engli.sh. i'or the guidance of the reader it 
may be noted that a short account of the works of these 
authors may be found in the Jonninl of the Society of ! .cat her 
Trades' Chemists, vol. v. (May issue) ; in addition to this, 
some of the matter contained in the chapter on synthesis 
of tanning matters appeared in the January lyei issue of 
the Journal of the American heather Chemists’ Association. 

In addition to these two .sections, the last part of this book 
deals with the practical application of synthetic tannin.s, and il 
is hoped that the tanner will find much valuable information 
in these page.s, The main outlines of the syntheses of lamdng 
matters should prove of great value to tlie chemist engaged 
in this branch of chemical teclinology, 

I he translator takes great pleasure in acknowledging the 
valuable as.sistance rendered him by Mr Robin Hruce (.'road, 
A.R.T.C., F.I.C,, and by Mr Arthur Harvey, 


1'. (1, A. FNNA, 
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INTRODUCTION 


CLASSIFICATION OF SYNTHETIC TANNINS 

N laying down a definition of “ Synllictic Tannins,” it is 
rst of all necessary to clearly define the conception of 
tannin.” Primarily, tannins may be considered those 
•ibstances of vc,i;etable origin which may be found, as water- 
dnble bodies, in many plants, exhibiting certain chemical 
ehaviour, possessin^t)- astring'ent properties and beiu}^ capable 
f converting animal hide into leather, d'his latter property 
r the tannins, that of converting the easily decomposable 
rotein of animal hide into a permanently conserved substance 
id imparting to this well-defined and technically valuable 
roperties, has become the criterion of the practical enn- 
deration of a tannin. It appears that different substances 
irtainly show the chemical reactions peculiar to the tannins, 
id to a certain extent also exhibit astringent character 
ithoLit, however, possessing the important [)roperly peculiar 
I the tannins of converting hide into leather. .Such 
ibstances, in our pre.sent-day terminology, are termed 
ieiulo-tannins the “tannin” contained in coffci’-bcans). 
ecomposition products of the natural tannins, to whic-h 
dong, for instance, gallic acid and the dihydro.\-)-bcn/.cncs, 
diibit the well-known reactions of the tannins (coloration 
ith iron salts), but the)’ cannot be regarded as tannins from 
tiler a technical or a ph)’siological standjxiint. 

As regards their chemical constitution, (he natural (true) 
nnins probably belong to different grouiis of organic 
impounds, and with our present-day scant knowledge of 
cir chemistry, it is impossible to cla.ssify them. One is, 
iwcver, justified in assuming that both the natural tannins 
id the related humic acids are ester-derivatives of hydroxy- 
mzoic acids.' 

The production of .synthetic tannins employs two (|nite 
' K. Idsclier, A'cr., ly i .3, 40, j.353. 
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distinct methods ; one is to synthesise tlie most simple tannin, 
viz., the tannic acid contained in galls (tannin), or to build up 
substances similar in character to the tannins, from hydroxy- 
benzoic acids, The other, entirely new way, is to produce 
chemical substances, which certainly have nothing in common 
with the constitution of the natural tannins, but which behave 
like true tannins in contact with animal pelt, and in addition, 
since they can be manufactured on a commercial scale, arc 
of practical value. 

Owing to the fact that, until recently, the constitution of 
tannin has remained unknown, it is easy to comiirehend that the 
efforts to synthesise the latter substance, or comjjounds similar 
to it, have been mainly attempted on similar lines. The oldest 
investigation in this direction dates from II. HcliifO who pre- 
pared substances similar to tannin by dehydrating hydroxy- 
benzoic acids. By allowing phosphorus oxychloride to inter- 
act with phcnolsulphonic acid, he obtained a well-defined 
substance pos.sessing tanning properties, which he considered 
an esterified phcnolsulphonic acid anhydride, the composition 
of which he determined as IiO.C„H,,.S(),^.O.C|,I IJISO.,. It 
is, however, probable that this substance is not liomngeneous, 
but consists of a mixture of higher condensation products. 

Klepl'^ obtained — by .simidy healing /'-hydro.vybenzoic 
acid — a so-called di- and tridepside, but this simple mcdiod 
is not applicable to many other hydroxybenzoic. acids, since 
these are decomposed by the high temperature rwjuired to 
induce reaction. 

Among.st other attem[)ts to produce condensation products 
with characteristics similar to tho.se po.ssessed by the tannins, 
those by Gerhardt'* and Loewe'' must be especially noted; 
they treated gallic acid with [ihosphorus oxychloride or 
arsenic acid, and thereby obtained amor[)hous compounds, 
exhibiting the reactions characteristic of tanning substances. 
E. Fischer and Freudenberg,-''’ by treating /i-l'>'’'''"-'<>'bcn/,oic 

‘ Liebig’s Ann., 1873, -tS. '70- 
“ Jour.pr. Chem., 1883, 28, eo8. 

■' Liebig’s Ann., 1853, 87, 159, 

' Jahresh.f. Chem., 1868, 559. 

'' Liebig’s Ann., 372, 45, 
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id in the same way, succeeded in obtaining a didepside, 
d during the last years practically only these two 
/cstigators have demonstrated the syntheses of these 
psides and produced high-molecular polydepsides. 

At the same time researches were instituted with the 
ject of determining the ccjnstitution of tannin, and K. Fischer 
cceeded in demonstrating its probable composition as being 
it of a glucoside containing 5 molecules of digallic acid 
r I molecule of glucose. 

This last-named class of syntlietic tannins — which may be 
iperly termed "tanning matters” in contradistinction to 
3 true tannins — exhibit very distinct tanning character 
len brought in contact with animal hide, but from the 
int of view of chemical constitution have nothing in 
nmon with the natural tannins. Not only are they of 
erest to the industiy from a practical point of view ; lliey 
ve also been examined very closely from a chemical stand- 
int. 

It is, however, necessary to differentiate with great exacti- 
le between the conception of true tauuing effect and pickHug 
’tY when considering tlie action of clicmical .substances on 
t (?>„' animal hide, treated with lime, de|)i!ated, and the 
■plus flesh removed). Whereas an)’ true foui/uge is char- 
erised by the complete penetration of the substance and 
subsequent fixation by the pelt in sucli a way (hal a 
)rough soaking and washing will not bring .about ;i la'Con- 
sion (of the le.alherj to the |)elt state; pickling, on Ihe 
er hand, is only characterised l)y tlu; penelnition of the 
>stance in the pelt and fixation to such an extent tli.at a 
).sequcnt washing of the |)ickled pelt will bring Isick tlie 
.er to a state closely ap|)roxiin.ating tli.at of ,a true |)elt. 
iple .as such a differentiation ai)i)ear.s, there! .are still a 
nber of c.as(!s occupying a position between the two 
!rrcd to, and which we m.ay term pscndo-tumniiy,c. ,'\n 
imple of the latter is f uanaldehydc tann.age; formaldehyde 
for a long time been emiiloyed in histological work f)r 
purpose of hardening animal hide, by which it is readily 
orbed from solution whereby it hardens the hide without, 
rever, .swelling it. A hide which has thus been treated 
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with formaldehyde absorbs the natural tannins with f^'rcatcr 
ease ; this, on the one hand, argues the probability of formal- 
dehyde acting as a pickling agent; on the other hand, it is 
also one of its characteristics that it will either in neutral 
acid,^ or, still better, in alkaline" solution, convert pelt into 
leather. In a formaldehyde-tanned leather, however, no 
trace of tannin can be detected; and the yield (of leather, 
based on the pelt employed), which, from a practical stand- 
point, is so important, is .so very low that it is hardly possible 
to speak of it as a tannin in the ordinary sense of the 
word. Formaldehyde must, therefore, be termed a [jscudo- 
tannin. 

The tanning effect of formaldehyde is, according to Thimu,'* 
increased by those salts which bring about colloidal poly- 
merisation of the formaldehyde, the resultant compounds 
being absorbed by the hide fibre. I'ahrion considers this to 
be a true tannage, and is supported by Nierenstein ' : — 

R.Nri., K.NIt 

■ -I- O.C.II. = i II„() 

It.NIIa I K.NII' 

(Iliik',) (r,calh«.) 

A peculiar combination between true tannage and pickling 
is to be found in the tawing proce.ss (lannage will\ potash, 
alum, and salt), whcrel)y, firstly, the .salt and the acid I'har- 
acter of the alum produce a pickling effial, and secondh', the 
alum at the same time is hydmly.sed, and its dissociation 
components partly adsorbed by the hide, thereh\' effi'ctiug 
true tannage. This double effect is still more iiroiioiuired in 
the .synthetic tannins which contain colloidal boilhs of pro- 
nounced tanning intensity on the one hand, inorganic and 
organic salts on the other, which then act as described above. 
Their real mode of action c;m only bi' explaiiual with the aid 
of experimental data. The following chapters will deal with 
the different behaviour of the various groups of s)'nthetic 
tannins. 

' R. Combret, Ger. I’at., 112, 183, 

“ J. Pullm.an, (ter. Pat., 111,408; Griffitli, I.ea. Tr. AVv'., 1908. 

■' Collegium^ 1909, 3(')3, 21 1. 

< Ibid., 1905, 157, 159. 



PART I 




SECTION I 

THE SYNTHESIS OF VEGETABLE TANNINS 


I, Tannin 

Tiik first investigations of gall-tannin date from the year 1770, 
at which time, however, no exact differentiation between 
tannin and gallic acid was made. The first step in this 
:lirection wa.s made when Scheele,^ in I7<S7, discovered 
.gallic acid in fermented gall extract, and in the same year 
Kunzcmlillcr “ separated gallic acid (nr pyrogallol) as a 
:rystalline body from oak- galls. Dizei’* continuerl the in- 
/estigations, which were brought to a conclusion with Dej'cnx’ 
vork'‘ ; both recognised that the substance i.solatcd was not a 
lingle substance, but was a mi.xturc of gallic acid, a green 
:olouring matter, a rosin (tannin ?), and extraneous matter. 
.h'OList'’ was tlie first to differentiate the crystalline gallic acid 
rom the amorphous, astringent substance, which latter he 
lamed “Tannin.” 

Amongst the numerous subsecpient investigations of tannin 
nust be especially noted the one by Herzelius," who pni’ified 
lie [lotash salt and decomposed this with sidpliuric acid, 
’elouze,' later on, observed the formation of the crystalline 
■allic acid from tannin, when the latter is boiled with 
ul|)huric acid ; this had alread}' been observed b)' J. Liebig. “ 
loth had noticed the absence of nitrogen. In addition to 
lie methods of preparation of tannin then in vogue neiilrid 
olvents were mainly employed by siibse(|nent investigators; 
'elouze” treated powdered g.alls with ether containing .alcohol 
nd water, and considered the u|)per la)’c-r to be .1 solution of 
allic acid and impurities, the bottom la^a-r to contain the 
ure tannin. 


‘ (trclIS C/icm. Ann., 17.S7, 3, i. 

“ Ibid., 17S7, 3, .113. 

" Jour. Chim. td I'liys., 1791, 399. 
' Ann. Chim ., 1793, 17, i. 

" Ibid ., 1799. 25, 225. 


'' r\iin., 1.S27, 10, 257. 

■ biebiti’s Ann., 1.S.13, .|7, 35H. 
■'* Ibid., 1.S43, 39, lou. 

"Jour. /mihi. Chem., 1H3.1, 2, 
301, anil 32.S. 
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The Empirical Formula of tannin has also been the 
subject of much speculation by the different investigators, 
the difficulty here being that of obtaining a pure specimen 
of the substance free from sugars, and which could be sub- 
mitted to elementary analysis. Whereas these early purified 
substances were thought to correspond to the formula of 
digallic acid (galloylgallic acid), Fischer and 

Freudenberg^ were able to show, with approximate certainty, 
that the constitution of tannin is that of a pcntadigalloyl 
glucose. 

Early attempts at hydrolysing tannin gave varying results, 
scime investigators claiming the presence, and others the 
absence of sugars. Here, again, E. Fischer and Frcudenberg'’ 
were able to conclusively prove that on hydrolysing tannin 
with dilute acids, 7.9 per cent, glucose is dissficiated, aiifl that 
hence glucose forms part of the tannin molecule. F'ischer 
and Freudenberg also determined the optical activity of pure 
tannin in water; a,, was found to lie between +58" and -I-70". 

Graham found'* that the tannin nto/eai/c is of considerable 
.sixe, since its diffusion velocity is 200 times le.ss than that of 
common salt. Paterno * was the first to determine the mole- 
cular weight of tannin, employing Raoult’s method ; he found 
that tannin in aqueous .solution behaves like a colloid and 
that hence Raoult’s method is not apj)licable. When, on 
the other hand, he dis.solved tannin in acetic acid, results 
concordant with the formula of C,,jl I||,(),|, corrcs|)onding to a 
molecular weight of 322, were obtained, .Sabanajew*' later 
determined the molecular weight of tannin in atiueoiis solu- 
tion as 1104, in acetic acid solution as 1 1 13-1322, Krafft''' as 
1587-1626 in aqueous solution. Walden” determined the 
molecular weight of tannin-.schuchardt as 1 350- 1 5tio, tannin- 
merck as 753-763, digallic acid as 307-316 (calculated 322). 
Feist® determined the molecular weight of tannin as 61 5 and 
one of his own preparation as 746, Turkish tannin as 521 
and Chine.se tannin as 899. In this connection it shoidd he 


' Her., 1912, 915 and 2709. 

2 Ibid. 

•' Phil. 'J'uinsiui., ig6i, 183. 

' Zeiis. phys. Cheni,, 1890, iv. 457. 


" Jhid., i8yo, V. 192. 

“ tier., i8yy, 32, lOi 5, 

" Ibid., 1898 , 3167 . 

" Chem. Ztg; 1908 , 918 . 
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oted that the calculated inolecular weight of pcntagalloyl 
lucose, which in E. Fischer’s opinion forms a substantial part 
f the tannin molecule, is 940, but Fischer alsf) thinks that 
lis compound possesses a much higher molecular weight. 

Structure of Tannin. — The oldest structural formula of 
innin is .Schifl’s digallic acid formula : — ' 



on 


co.o. 

I 

llOOC 


\/ 


'i (>11 

on 


A drawback to the acceptance of this formula is the 
jscnce of an asymmetrical C-atom ; the formula, therefore, 
jcs not exjdain the optical activity exhibited by tannin, 
chiff attempted to overcome this difficultj' by adopting a 
'agonal structural fjrmiila, but even when adoirting Claiiss’ 
iagonal formula for benzene the optical activity of a niunber 
other compounds depends ui)on the existence of the 
iymmetrical C-atom. Biginclli’^ al.so oppo.sed the digallic 
;id formula, and .su(3[)ortcd his view by referring to the arsenic 
)m[K)unds obtained by him on heating arsenic acid and 
illic acid, instead (jf obtaining digallic acid. VVidden,’’' on the 
.her hand, found, on anal)-sing the digallic acid thus prepared, 
ily slight traces of arsenic and, b}' the elementary anal)'sis, 
stained figures closely corrcs|)onding to those of din.allie ac id. 

Bc'ittinger ■' pi'cpared the so-called /Fdigallic acid h)' 
xiting elh)’l g.'dlate with p)’roraei‘mie a(-id and .sidphnrie 
•id and proposisl the so-called ketone-tannin (binuila: 


IK) oil 

no ■ - CO 

00011 


oil 

01 1 
oil 


-'hiff completed this formula by a diagon.al, so as to explain 
e optical activity observed -- 


no on 

no '• - 00 - 

('.'oon 


oil 

on 

oil 


' Her., ILS71, 4, 231. 

“ chilli, //a/., 1(409, 39,268. 


■' 1K98, 31, p6<S. 

' /I'll/., 1884, 17, i.|y6. 
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The ketone formula was corroborated by Nierenstein,'^ who 
distilled tannin with zinc dust and obtained diphcnylmethane 
(smell of benzene) and a crystalline product, M.P. 70°-7i'' C. 
(M.P. of diphenyl = 7i° C.). Konig and Kostanecki ^ sought 
to find the constitution of the tannins in the leuco-compounds 
of the oxyketones, to which catechin belongs. Nicrenstein 
(see above), however, emphasises that the high molecular 
weight and the optical activity speak against the digallic 
acid formula, but in favour of this arc the following points; 
(i) the decomposition of tannin with the formation of gallic 
acid ; (2) the decomposition of methylotannin with the forma- 
tion of di- and trimethyl esters of gallic acid ; and (3) the 
production of diphenylmelhane on distillation with zinc dust. 
The latter reaction especially illustrates the analogous forma- 
tion of fluorene from compounds of the type — 


/\ 

-- -co.o 


\/ 


\/ 


Nicrenstein gave the name “Tannophor” to the mother- 
substance of tannin, phenylbenzoatc, C„Hf,-COO-C„Ilf,. 

Dekker** was, however, unable to detect diphcnylmethane 
on distilling with zinc dust, and did, therefore, not accept 
Nierenstein's views. In proposing the formula — 

/■ * 1 

IKY - r:: .■■■ 

Dekkcr ' was enabled to account for most of the details in 
the behaviour of tannin, viz. : (1) the empirical constitulion, 
(2) the almost complete hydrolysis into gallic acid 
(the dotted line indicates the decomposition of the molecule 
into 2 molecules gallic acid by taking up water) ; (3) the 

' Ser., igos, 38, 3641. 

“ / iM ., igo6, 39, 4027. 

■' “ De Looistorfen," vol. ii., p. 30 (igo8). 

'I AVr., 1906, 34, 2497. 
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brniation of diphcnylrnethane as a result of distillation with 
;inc dust; and (4) the electrical non-conductivity. Since 
annin on acetylating yields a considerable amount of 
riacctylgallic acid, it should, according to Dchker, contain 
it least six acctylisable hydroxyls. 

Nierenstein ‘ objected to thi.s formula on account of its 
:ontaining seven hydroxyl groups, whereas Dclckcr found 
ix, Nierenstein five, and Herzig still fewer hydro.xyl groups, 
rhe formula would also favour the conception of tinctorial 
)roperties which could hardly be ascribed to tannin. Lloyd “ 
iroposed a very intricate formula containing three digallic 
cicl groups joined into one six-ring system, which would 
hen explain the optical activity; it would, on the other hand. 
Iso require an inactive cis-form. 

Iljin'‘ prepared two phenylhydrazine derivatives of tannin 
CYiHjgNflO;,,, and C|,aHy2Nj,iOw„) and proposed the formula, 
the constitution of which would be — 


'here 


nd 


K, 

K,j 



-O -O- 




I<1 

Kii 


O 


^i\ I y 

>c-o-c< 


K,i 


R. 


K, - ~C( ).(:„! I.j(()l I ),, 
R,, -('„II,,(()II),, 


Nierenstein '' considers tannin to lie .a inixtiire of digallic 
cid and lencotannin, the latter possessing the formula— 


Il()l, JiJII 

o'l 1 


CII.OII— 0 

liooci Joll 


The optical activity rif tannin is expressed in this formula 


' CItem. Z/i;., 1906, 31, 8tio. 

C/icnucal News, 190H, 97, 133. 

■' Jour, of t/u' Russian chem. Soc., 1908, 39, .170. 

■' Ber., 1905, 38, 38.11 ; 1907, .|o, 917 ; 1908,41, 77 ami yn; ; 1909, 42, 
23 and 3552 ; Chem. /Jg., 1907, 31, 72 ; 1909, 34, 15. 
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and its probability is corroborated by Nierenstein, who was 
able to resolve the acetylated tannin by fractional precipita- 
tion into pentacetyl tannin (M.P. 203‘'-208° C.) and pcntacctyl 
leucotannin (M.P. 166'' C.). By oxidation, the former is con- 
verted into ellagic acid, and on hydroly.si.s with dilute sulphuric 
acid readily yielded gallic acid. Plydrolysis of the pcntacctyl 
leucotannin, however, yielded gallic aldehyde, and oxidation 
yielded purpurotannin (a naphthalene derivative) in addition 
to ellagic acid. 

Nierenstein also succeeded in converting tannin into 
carboethoxytannin, the latter on saponification yielding 
crystalline, inactive digallic acid. On acetylating pcntacctyl 
leucotannin with acetyl chloride a hexacelyl derivative 
(M.P. 159° C.) is obtained, the strychnine .salt of which 
is resolved into both of the active components. 'Phis 
proves the presence of digallic acid and leucotannin in 
tannin lev, pur. Schcring investigated by Nierenstein, 
The latter author later considered tannin to be polydi- 
galloylleucodigallic acid anhydride and the simplest tannin 
to be a digalloylleucodigallic acid anhydride. This view, 
however, would not stand subsequent criticisms, being in 
disagreement with the earlier observations of molecular 
weight and acidic properties of tannin. Manning'* believed 
to have isolated a pentethylester of the pcntagalloyl glucosidc 
from tannin, but thi.s was shown to be the ethyl ester of 
gallic acid. 

Feist •* had arrived at the conclusion that tannin was a 
glucose compound, and maintained that tannin from Turkish 
galls was a compound of glucogallic acid combined as an 
ester with 2 molecules gallic acid. Hut h’i.scher and .Strauss ' 
synthetically prepared a glucoside of gallic acid exhibiting 
differences from Fei.st’s preparation which were scj great that 
the latter no longer could be con.sidered a single glucoside of 
gallic acid. 

Fischer and h’reu den berg “ subsequently elaborated a 

‘ Bcr ., 1910, 43, 628. 'I Her ., 1912, 45, 1493. 

- Liebig’s Ann ., 1912, 386, 318; Ibid ., 1912, 45, 3773, 

388, 223. 11 Ibid ., 1912, 45, 2717 ; 1913, 46, 

//44., [912, 34, 918, 1127. 
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lethod of purifying tannin, and on investigating the purified 
•ibstance, arrived at the conclusion that no other hydroxy- 
enzoic acid than gallic acid was present in tannin. Oji 
;peating Strecker’s hydroly.sis they obtained 7-8 per cent, 
igar, and hence concluded that i molecule of glucose was 
Dinbined with about 10 molecules of gallic acid. Owing to 
le difficulty of isolating the intermediary hydrolysis products, 
id the SLibsecpieut impossibility of drawing any conclusions 
5 to the constitution of tannin, the latter investigators 
2cided to adopt the methods offered by .synthesis. Thcir 
isic idea was the absence of carboxylic groups in tannin, 
id tliat hence the total gallic acid must be iiresent in ester 
rm. These conditions are fuifillcd if one views tannin as 
ling an ester compound of r molecule of glucose and 
molecules of digallic acid, of similar construction as, for 
cample, pentacetyl glucose. Fischer and I'rcudenberg 
icceeded in preparing the former by shaking a mixture of 
lely powdered glucose, chloroform, and quinoline with an 
ccess of tricarbomethoxygalloyl chloride for twenty-four 
Hirs and precipitating the resulting product with methyl 
cohol ; suitably purified, a light amorphous colourless 
bstance was obtained which [iroved to be penta- (iri- 
rbomctho.xygalloyl) glucose. Careful saponification with 
xess alkali in acetone-aciueous solution at room tcsupei-ature 
elded a tannin very closely resembling tanni]), ideiilified .as 
ntagalloyl glucose. It is doubtful, however, whetlu-r this 
bstance is homf)geneous, .and it is |)rob:il)l)' ,a mixture of 
'() stereoisomers. 

I^'ischer and Freudenberg, therefore, further (amchidial 
at tannin is mainly .an ester compound of glucoses and 
noleculcs w-digallic acid. Elucidation on this i)oiut offia-cd 
elf adv.antageously in Ilerzvvig’s metlpdotanuiu,' which is 
tained by the interaction of diazometliane and l.anm'n. 
le first step was then to [irepare i)ent.aiuethyl-w-dig,allic acid 

o.Cll;, coon 

^ CO.o / 

Cllj.O O.CII,, 


' Av-., 1905, 38, 989. 
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from trimethylgalloyl chloride and the w-/-dimethyl ether of 
gallic acid ; the chloride of this substance, coupled with 
a- and /3-glucose, yields — 


yCM.OR 

CIf.OR 
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roiiLa* (pentamelhyl-w-digalloyl) -glucose. 

The u- and /3-clerivatives thus obtained differ in their 
behaviour towards polarised light, and are, again, [irobably 
mixtures of two stereoisomers, t.e., mixtures of derivatives 
of a- and /3-glucose. Compared to methylotannin, these 
preparations exhibit very close resemblance to the former, 
from which it may be concluded that they arc closely related 
to this substance, and probably possess the same or a very 
similar structure; the result of the above cxpcriineiUs has, 
therefore, brought us at least in clo.se proximity to the 
structure of tannin. It must, however, be borne in mind that 
the analysis and hydrolysis of tannin doc.s not afford an 
explanation of the question as to whether tannin is a com- 
pound of glucose and lO, 9, or ii molecules of gallic acid ; it 
is also possible, though not probable, that tannin would 
contain a polysaccharide instead of glucose itself. Similarly 
to sugar, the true glucosides can be cou[)lcd with hydrtrxy- 
benzoic acids, which is proved by the preparation of tetra- 
galloyl-a-methyl glucoside ; this substance, also, exhibits 
tannoid character. 


2. Digallic Acid 

Whereas, until recently, tannin had been considered to be 
gallic acid anhydride, or digallic acid, clo.ser investigations 
have revealed that neither is tannin digallic acid nor is the 
synthetically prepared digallic acid identical with tannin. 
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SchifH prepared digallic acid by the interaction of phns- 
orus oxychloride and gallic acid, and believed the product 
rained to be identical with tannin ; to this latter he first 
a-ibed'an ether formula (I.)) hber an ester formula (H.) -- 


CdL 


Vroou itooc'/ 




(I.) 


(;„iL((ni)„ 


O •().(',, II. 


o 

(II.) 


,,(011).. 

'■'H'OOII 


Froclaii held that Schiff’s condensation [irodnet contained 
osphorus or arsenic acid and ascribed its tanning j)ropcrLieH 
the latter; according to this investigator, digallic acid, 
cn completely freed from arsenic acid, does not react with 
atine or quinine. Biginelli" did not consider the action 
arsenic acid that of a catalyst, but held that it entered 
□ .reaction ; according to his investigations products con- 
ning arsenic (C 7 HjO,..As and Cj.,Hj,0,.jAs) arc obtained 
en gallic acid is heated with arsenic acid. 

In his preparation of cligallic acid, lljin '' could only obtain 
lie acid, and the ethyl ether of gallic acid showing no 
iractcristics of the tannins ; when, however, he heated gallic 
d with arsenic pento.vidc, he obtained liodics exhibiting 
: reactions given by tannins. 

Biittinger'’ made the first atlcm|)t at sj'iilhesi.sing tannin ; 
heated gallic acid or its ethyl ester with glyoxylic a<-i(l or 
•oraccmic acid, and obtained a substance of the ( ompnsi- 
1 L|,|l I|„ 0 „. 2 l l.,(), which certainly showed sonu; of the 
iracteristics e.xhibited b)’ tannin, but wliich by no me. ins 
s identical with the hitter. Hottinger’s |)rc|)aral ion is 
ibably identical with / 1 -digallic acid, one of two dib.isii- 
mers having the composition — 


(',iII„(()Il).,('onii 

I " ■ 

(■„ii(()n),,( 'ooii 

' /I’c/-., 1H71, 231 iUlll 967. 

- Lin ,'C. c/lilll., 1H78, 9. 

'' 1909, 39, ii. 268 and 283. 

' Jour./, fuakt. L 7 u'iii., 1911, 82, 351. 
■’ AVr., 1883, 1503. 
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the other possible isomer having the comi)OHition 

,c;„Ti(uii).,c()OU 

t;()< 

Fischer^ obtained a digallic acid (M.P. 27 S'’- 38 o'’ C.) 
by coupling tricarbomethoxygalloyl chloride with dicarbo- 
methoxygallic acid, 

Nieren.stein ^ obtained, h'om the carbethoxy compound oT 
tannin, a crystalline, optically active digallic acid, M.P, 
268'’-27 o“ C. The pentacctate of this substance, obtained 
by reduction and acetyli.sation, yielded hexacetyllcucotannin, 
A pentamethyldigallic acid methyl ester of the comi)osition 

((t.t;ii,.i);,c,|i h Cf)0— a x ).( 'i r,, 

was obtained by Mauthner'' from the chloride of triinethyl- 
galPc acid and the methyl ester of the acid from the glucosidc 
of syringin ; on saponification with caustic potash the former 
compound yielded trimethylgallic acid and .syringic acid. 
Fischer‘S .synthesised the so-called w-digallic acid by couiiling 
tricarbomethoxygalloyl chloride with carbonylgallic acid and 
subsequent splitting off of CO.,. The ///-digallic acid appears 
as rather thick, colourless, microscopic needles containing 
about i6 per cent, water of crystallisation, M.P, 271" C, 
They are slightly soluble in cold, soluble in hot water, and 
very soluble in methyl and ethyl alcohols. Their luiueotis 
solution gives dark blue coloration with fei-ric chloridi;, and 
precipitates gelatine and quinine. 

h'ischer and his students*’ [irepared (juite a number of 
digallic acid derivatives, amongst which are the following : 

PenlamethyI-/«-digallic acid methyl e.ster, ( 1.^,1 1. ...O,,, 
Pentacetyl-w-digallic acid, 

Pentamethyl-w digallie acid, 

PcnUimelhyl-///-digalloyl chloride, C|,,II|„()„( 11. 
PentanieLhyl-/-digallie acid, 

Pentamcthyl-p-digidlic acid methyl ester, (b|)l l.joO,,. 

' 1908, 41, 2875. 

“ 1910, 43, 628. 

■' Jour. f. praJs't. Chem.., igi i, 84, 140, 

' Iicr ., 1913, 46, 1 1 16, 

Ibiii ., 1912, 45, 91S, 2709 ; 1913, 4^,, 1 116, 
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Flydrolysis of digallic acid yields gallic acid ; oxidation, 
the other hand, ellagic acid and luteic acid (Luteo Siiurc), 
ich can be separated by shaking with pyridine. The 
uction of digallic acid yicld.s, by different methods, the 
le reduction compound,’ viz., the racemic Icucodigallic acid, 
ich differs from digallic acid by being devoid of any 
noid properties ; the latter distinction may be :iscribcd 
the tran.s formation of the tannophor groui) — CO.O — , to 
tannoid-inactive group CH(OH) — O — . 

The successful resolving of racemic Icucodigallic acid into 
h of its optically active components can (Jiil)^ be brought 
lilt through the d- or /-hcxacarbethoxylciicodigallic acid 
introducing the latter into a i per cent, pyridine solution 
1 heating to 4 S°-SO'’ C,, whereby the d- nr /-acid is formed 
ompanied by a strong evolution of carbon dioxide. 
Hydrolysis of leucogallic acid 3delds gallic acid and gallic 
ehyde ; oxidation by means of hydrogen per(.).xiile yields 
•gic acid and luteic acid, and oxidation with ]K)tas.siiim 
sulphate and Hul[)huric acid, in acetic acid .solution, yields 
purotannin (see below).“ 

Another distinct difference between digallic acid and 
:odigallic acid is the fact that the form.'ildehj’dc conden- 
on product of the former resembles gallic acid, whereas 
t of the latter resembles tannin ; it is therefore probable 
t the Icucodigallic acid [lart of the tannin molecule imparls 
; characteristic property to tannin. 
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hiebig’s Ann., 1912, 386, 31! 
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3. Ellagic Acid 

Ellagic acid was discovered in 1831 by Braconnot, who 
named it “ acide ellagique.” Its presence in the vegetable 
kingdom was not quite comprehended for some time, and 
Nierenstein was the first to prepare this substance from 
algarobilla, dividivi, oak bark, pomegranate, myrabolams, and 
valonca. The acid is obtained by preci[)itating it with water 
from a hot alcoholic extraction of the iilants referred to, and 
recrystallising the precipitate from hot alcohol. Another 
method of preparation consists in boiling the tlisinlegrated 
plants with dilute hydrochkiric acid, washing the residue, and 
extracting with hot alcohol, from which the acid will then 
cry.stallisc. According to Lihve,- it may he obtained from 
dividivi, an aqueous extract of which is heated to no" 
in a tube cIo.sed at both end.s, when crystalline ellagic acid 
is deposited, Heinemamr' obtained ellagic acid by simply 
boiling repeatedly aqueous tannin solutions. 

Lowe'* first synthesised ellagic acid by heating gallic acid 
with arsenic acid or silver oxide. Ilerzig*’’ stales that ellagic 
acid is deposited when air is conducted through a mixture of 
the ethyl or methyl ester of gallic acid and ammonia. Perkin " 
obtained a .substance very similar to ellagic acid by (T;rtrol)’sis 
of gallic acid in sulphuric acid .solution ; on oxiilising gallic 
acid in concentrated sulphuric acid solution, Pork in and 
Nieren.stein*' obtained flavellagic acid. Jillagic aciil is also 
obtained by heating luteic acid in a to jier (Tiit, soda 
solution, 

Ellagic acid thus prepared crj’slallises with 2 molecules of 
water as yellow micro-crystalline rliombic jn'isms or ])rismalic 
needles. The crystals lo.se this water when heatisl to too" 
and it is possible that it is water of constitution, in wliich case 
the substance would be hcxo.xydiphenylcarboxylie arid, and 

' Chon. K/ii'., 1901J, 87. 

“ y.eits. f. analyl. Chcni.., 1875, 35. 

■' Ger. Pat,, 137,033 and I 37 ,y 3 -I- 
^ Jour./. prakt. Chem., iSOS, 103, 46.1. 

" Monatshcjte fiir C/ii'mie., tyotS, ey, 2(13, 

'* Proc. Chem. 1(305, 21, 212. 

" Jbid.., I (JOS, 21, 185. 
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! substance left after drying at too" C., the clilactonc.i 
agic acid is slightly soluble in water, alcohol, and ether, but 
easily soluble in caustic potash. With concentrated nitric 
d the product assumes a red colour, which appears to bo 
5 to the presence of impurities ; cllagic acid is commercially 
own as “ alizarin yellow.” 

The constitution of cllagic acid wa.s uncertain for a long 
le, and different structural formula were proposed which 
re or less corresponded to its properties. The most s;itis- 
tory structural formula was propo.sed by Gracbe — 


HO 



OH 

OH 


is would represent a tetroxydiphenylmcthylolide. 

The probability of the correctness of this formula is su[)- 
•ted by the possibility of the following derivatives : mono- 
thylellagic acid, Ci,JIrp.^(O.CI I.,) ; dimethylellagic acid, 
HjO(,(O.CH.j)^ ; tetramethylellagic acid, C|,| 1 T., 0 ,|( 0 .G 1 1 .,)., I 
:nylhydrazinellagic acid, C|,lH||OJ^.N,_,I I.,C„1 1^,. 

By the electrolytic reductic.ni of cllagic acid, hc.xo.xy- 
ihcnyl, (OH).,C„H.^ — C,|lLfOH).|, is obtained; tin; ordinary 
thods of reduction yield Icucoellagic acid, C||1I||,0„, which 
stalliscs in small sharp needles, melting with decoinposition 
’pV-eps ' C. 1 uaicoellagic acid is soluble in ethyl and iiielhj’l 
□hols, and in glacial acetic acid, insoluble in chloi-nform, 
izenc, toluene, carbon tetrachloride, and petrol ether ; it 
cs a bluish-green colour with ferric chloride which (piickly 
ns black. Leucoellagic acid is soluble in alkalies, the 
Lition assuming a dee[)-red coloration ; it reduces .silver 
rate in the cold, but is not adsorbed by nioialanted cotton 
th, in which respect it differs from cllagic acid.'* 
Ellagitannic Acid, Cb,,! l.j/),,,.;,! I/), is clo.sely related to 
igic acid; the fjrmer consists of faintly yellow needles, 
!’• 32p’-336'’ C. It is soluble in water, |)recipitates gelatine, 


' An'//. //. rhar/n., 1907, 24..1, 575. 
- Chc)//. 1903, 129. 

" Liebig’s A/i/i., 1912, 394, 249. 
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and is adsorbed by hide powder. It occurs witli ^nillic acid, 
tannin, and cllagic acid in dividivi, myrabolam.s, algarobilla, 
and chestnut wood extracts. 

Other bodies of this class include; — • 

Metellagic Acid, C|.|H|jOr„ derived from methoxybenzoic 
acid, and recrystalliscd from acetic acid, forms small crystalline 
needles, M.P. C,, and yields lluoreiie on distillation 

with zinc dust. 


-O.CO- 


oil 

Flavellagic Acid, C|,|l f/),,, is obtained by the oxidation 
of gallic acid with concentrated sulphuric acid and iiotassium 
persulphate. It crystalli.ses from pyridine in prismatic needles 
melting above 360° C. Distillation with zinc dust yields 
fluorene (see above)— 

I I on 

110 1 J — o.co Jon 
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By heating cllagic acid for thrce-(|uarlers of an hour at 
185° C. with concentrated sulphuric acid, ceruleo-ellagic 
acid (dioxycllagic acid), C,|1I„()|,„ is formed as ycdlowish 
needles, M.P. 360" C„ which are but little soluble in the 
usual solvents. I he acid is slighll)' soluble in stronu' caustic 
soda solution, the colour of the solution, on diluting, chauspng 
to green and blue. 

Luteic Acid (Lutco Siiure, [Jentoxybiphenylmethylolide 
carboxylic acid), Ci.iPHO,,, occurs, in addition to ellagic acid, 
in myrabolam.s — 1 
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It is obtained by extracting myrabolams for one hour 
and a half, under reflux conden.ser, with pyridine, filtering 


‘ 1909, 42, 353. 
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1 adding twice the volume of water to the filtrate and 
ling till complete solution is obtained. After about thirty 
irs a reddish powder dcposit.s, from which ellagic acid 
y be extracted with pyridine ; the mother-liquor on being 
icentrated yields lutelc acid. It is also obtained by 
dising tannin with hydrogen peroxide, the other oxidation 
iduct being ellagic acid, and the two may then be separated 
indicated above. Lutcic acid forms reddish needles which 
decomposed, with evolution of ga.s, at 33iS'’-34i'' C. 
ated with 10 per cent, caustic soda solution it yields ellagic 
d. In pyridine solution the carboxyl group maybe eliminated 
h)'drogen iodide, whereby pcntoxybiphen3^1methylolide 
formed as long silky needles, which do not melt below 
f C. The same substance may also be obtained when 
igic acid is boiled with concentrated caustic potash solution, 
hen luteic acid is treated with diazomethane, it yields the 
;thyl ester of pcntamethoxybiphenylincthylolidcarboxylic 

d. 


4. Depsides 

The most common decomposition [rroducts of the natural 
molds arc hydroxybenzoic acids, notably gallic and jji'oto- 
techuic acids ; furthermore, other aromatic and aliphatic 
dro.xy compounds frecjuently occur. .So far, howe\’i'r, 
empts at exidaining the constitution of the coinplex 
composition products obtained b}' h^'drols’sing hig.h 
ilccular tannoids have not been siiccessl'ul. ( )u the othei" 
nd, tlic coiustitutioii of the .simpler natural tanu<ii<ls is 
own to a greater or less extent ; of tlusse, lecanorie acid 
ecanorsiiurc) is the best known, being an ester anlu'ihidi' 
orsellic acid (a dihj'dro.x^'toliqdic aeidj. It coinbiiies with 
/thrite, forming another tannoid, erj’thrinc. The fact that 
droxybcnzoic acids are constant!)’ encountered together 
th the [)roducl.s obtained on h)'di ol)’sis of the tannins, seems 
point toward the conclusion that anh)’dri(les of h)’di'o\_\'- 
nzoic acids arc frequent constituents of the natural tannoid 
olecules. 

The assumption that, for insttmee, in tannin at least part 
the gallic acid radicals are combined with one another is 
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highly probable, and is supported by tlic formation of tri- 
and dimethylgallic acid from mclhylotannin,' and by the 
formation of ellagic acid when tannin is oxidised/'^ h'urthcr 
proof is brouglit forward by the existence of the i,)entacetyl- 
tannin,'' and by the results of hydrolysis which has yielded 
up to 104 per cent, anhydrous gallic acid from tannin, 

Of the three classes of isomeric anhydrides which can be 
formed from hydroxybcnzoic acids, the chemistry of the 
natural tannins is only concerned with the class comprising 
the ester anhydrides, If the carboxyl f)f the first molecule 
combines with a hydroxyl of tlie second molecule (ester 
formation), then a substance [lossessing character similar to 
that of a hydroxybenzoie acid is formed, which is capable of 
combining up with a further molecule in the same way. It is 
natural to assume that this ester form is much more prevalent 
in Nature than a combination of two carboxyls by the 
elimination of water. From the (joint of view of the 
cherni,stry of the tannins, therefore, the startijig-()oint would 
naturally be that of .synthesising the ester anhydrides of 
hydroxybenzoic acids. Amongst the small numljer of 
synthetically prepared ester anhydrides of hydroxybcnzoic 
acids, a few occur exhibiting the [)ro|)crlics of the natural 
tannoids. 

In order to simplify the terminology of these sulistances, 
Fischer'’ proposed the name "Hepsides” from &i//c(,i' = lo tan. 
In analogy with (JC(Jticlcs and .saccharides, the names di-, tri-, 
and polydepsidcs of hydroxybcnzoic acids would be suitable 
for these substances. 

The principles underlying the .synthesis of deijsides ;ire 
the following ; — If the chlorides of carbomethoxy (or carbeth- 
oxy) hydroxybcnzoic acids arc cou|)led with the sodium salts 
of hydroxybcnzoic acid.s, esters are formed, c.r,’-., 

CII,|C().(),O.C’|,Ili,CO,(’l I Nii().C„II|,(,'0<>.Nn •. N.it'l 

H- c 1 1;|. c 0 0. 0. c,i 1 1 ,, ( ;o. f ). ( ;„ 1 1 ,. ( .'( )( ). Nil 

' Merzig, Motuxtshcflc f. C/icuiit’, itjoij, 30, 5.(3, 

- Nici'f nstein, /Ar., 1908, ip, 3015. 

■' .Scliiff, y!w/. d. C/ieiii., 1K73, 170, 73. 

'• Sisley, Hu//. Sur. C/i/iii., 1909, 5, 727, 

Liebig’s A?i/i., 1910, 372, 35. 
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gently saponifying the esters, tliese are converted into 
corresponding hydroxy derivatives — 
o ii. ( hi ij. CO. o. c„n,|. coon 

According to Fi.schcr and Freudenberg,^ this method 
iesses the following advantages : — 

1. The synthesis takes place at low temperatures, so that 
intramolecular rearrangements arc improbable. 

2. The compo.sition of the substances is conlrolled by 
intermediary compounds, the carboalkyloxy deriva- 

3 . 

3. The synthesis permits of more definite evidence as 
.rds the structure of the resulting compounds, 
p The substances obtained arc easily purified. 

Depsides produced in this manner arc by no means new, 
were obtained by Klcpl by simply heating /-hydroxy- 
2oic acid (c/. Introduction, p, 4). This simple procedure, 
ever, is not applicable to most other hydroxybenzoic 
s which are decomposed at the high temperature neces- 
■ to induce reaction, Lowe and Schiff (/m\ cii.) have 
lined products similar^ to tannins, the latter investigator 
removing the elements of water from gallic acid, proto- 
chuic acid, salicylic acid, w/-hydroxybenzoic acid, cresotinic 
, phloretinic acid, and pyrogallolcarboxylic acid. Tliese 
iidcs, however, arc amorjihous substances, and it is heiici' 
cult to substantiate their homogeneity. 

Carbomethoxylation of Hydroxybenzoic Acids 

Amongst otlier compounds cliloiv)hydr<)xyben/.oic acid 
led in the preiiaration of tlie materials emiihn’cd in the 
diesis of depsides ; the free phenolic group, however, 
■ts a disturbing influence when aromatic acids are acted 
n by [ihosphorus chloride, and another group, which can 
jcquently be easily removed, must thercrore be introduced 
rover the disturbing influence referrctl to. h’or this 
lose, Fischer chose the carbomethoxy grou|), and this 
istigator succeeded, by the action of chlorocarbonic alkyl 

' Liebiti’a Aji/i., 1909, 372, 32. 

- Her., 1908, .| I, 2SO0, 
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ester and alkali upon hydroxybenzoic acid in cold aqueous 
solution, in obtaining substances with the lU'opcrties required^ 
In such substances (e.g., salicylic acid) where the hydroxyl 
occupies the ortho-position to the cari.)oxyi, compiete 
carbomethoxyiation does not take place, vvlrercas tin; vi- or 
/-positions offer no hindrance. In the ca.se of the t^-position, 
however, tiie action of chiorocarbonic :iiicyl ester is success- 
fuliy assisted by the pre.scncc of dimethylaniiine in an inert 
soivent, e.g-., benzene, “ The difficulty encountered ijy tlic 
o-position is eliminated when the earboxyl is not directly 
linked to the benzene nucleus, r.g., ^>-cumarie acid. Many 
hydroxybenzoic acids require an excess of chiorocarbonic 
methyl ester, which then also, to some extent, attacks the 
carboxyl group ; but on di.s.solving the product in acetone 
and treating it with bicarbonate the carboxyl group as sucli 
is again restored without splitting .off the carbomethoxy 
group,** In this way all hydroxybenzoic acids may be carbo- 
methoxylated.'* The carbomethoxy groiq) is easily removed 
by excess of aqueous alkali in the cold, and is al.so jjarlially 
removed when insufficient alkali is pre.sent ; the latter fact 
is of importance in the .synthesis of didcp.sjdc.s. 

Chlorides of Carbomethoxyhydroxybenzoic Acids 

The chlorides of these compounds are obtained when 
phosphorus pentachloriclc is allowed to act iqjon the acids, 
and are as a rule crystalline. I’or the pin pose of synthesis 
they may be employed as follows : — 

1, They readily form esters with alcobols, wliieh on subse- 
quent saponification with alkali are converted into the esters 
of the free hydroxybenzoic acid.s. 

2. The chlorides interact energetically witli esters of 
amino-acids, and maybe coupled witli amino-acids in a(|uenus 
alkaline solution. On sub.scqucnlly removing the earbo- 

' y>’rr,, 1908, 41, 2875, 

- U.S. Pat, 1,639,174, 12, xii,, 1:99. 

■' JitT., 1913, 46, 2400, 

* Ibid ; 190&, 41, 2877, 2881, 2882; 1909, 42, 226, 2iH, 22^, 22.1;; 
Liebigs Ann., 1912, 391, 357, 366 ; Ber., 1913, 46, 1 145, 2390, 2.[ao. 
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)xy group derivatives of hydroxy benzoic acids are 
led, e.g., 

C j-t,,. CO... O. C||M CO , Cl + 2N 11 „C 1 L. C(U J b, 

nia.Ciro.COa.ColIr, + IlCl + CH„.CO,.O.C„II.,.CO.Nn.C[IaC(Uyi„. 

( ;i I,, ( :0.,. O. C„I Ij. CO. N U, CM.,. COa-CU 1 0 -I- 3N11OU 
r--NiiXO,|-l-CaM"„OIM-CIh|OU-l-nO.C;|,M,,.CO.Nn.ClI,j.COONn. 

In the presence of AlCl,, the chlorides easily combine 
benzene, and on removing the carbomethoxy group 
nmetricijl hydroxy derivatives of benzophenone arc 
:d : — 

:n.,.CO.,.O.C„M,,.CO.Cl -I-C„tl„ = Cir,,.COa.O.C„Il,,.CO.C„Ur,-l- MCI 
CM.,. CO... O. C,|I [,|. C( ). C„I Fr, -1- 3N11OH 
~ NaO. C,|H,,. CO. C,|H„ -l- Na..C(_)„ -1- C II„OI F -h I I.jO. 

The chlorides may be coupled with free hydroxybcnzoic 
and on removing the carbomethoxy group didepsidcs 
Dtaincd. Repetition of these operations yields tri- and 
lepsides. 

Preparation of Didepsides 

.simple application of these syntheses is offered by 
roxybenzoic acid. When the chloride of its carbo- 
ixy derivative is allowed to interact with />-hydroxy- 
>ic acid in aqueous alkaline solution, in the cold, the 
salt of carbomethoxy -/)- hydroxybcnzoic acid is 

;d ; - 1 

ClL,.(' 0 .j.(I.C,|r-I,.C().c:i I N;i().(.'„ll,.('()()Nii 
('n;,.C()o.().(',|M,.CO,,,(:,ill,.(’ 0 .,.N;i I N;iCI. 

eing sp.'iriiigly soluble, the salt in this ease? is readily 
iited as crystals, hut is readily converted into the free 
by h)’drochloric acid. In most other cases, however, 
Ikali salts are easily soluble and the aipieoiis solution 
;n directly acidified with a mineral acid. 'I'he chlorides, 

• for the most [lart solids, the mode of procedure is as 
rs : — the hydroxybcnzoic acid reipiircd for coupling is 
ived in normal or tlouble-normal alkali (the volume 
kited per molecule acid), a little acetoiu; added, and the 
Lire well cooled ; a further molecule of 2N caustic soda 
the chloride (1 molecule) dissolved in dry acetone aie 


' 1909, 42, 216. 


28 


SYNTHETIC TANNINS 


added in small portions, whilst stirringf, to the mixture. In 
spite of the low temperature the coupling proceeds quickly 
and the sparingly soluble product can in most cases be 
precipitated from the solution by acidifying and diluting 
with water, In case of more easily soluble coupling products 
the acetone is driven off under reduced pressure or the licpiid 
acidified and diluted, and the substance extracted witli ether. 
Instead of alkali, dimethylanilinc may be employed, with 
the exclusion of water as a .solvent for the purpose of coupling. 

Another suitable method of obtaining o-dideirsides is 
that of treating o-hydroxybenzoic acid.s with phosphorus 
trichloride and dimctliylaniline {e.g., synthesis of disalicylic 
acid, Boehringer & Sons).i 

The carbomethoxy derivatives of the depsidcs are as a 
rule crystalline substances of distinct acidic character, and 
decompose alkaline carbonate.s. 

The elimination of the carbomethoxy group may be 
brought about by dilute alkaline solutions in the cold, or Iry 
aqueous ammonia. If the depside formed is so stable as 
to resist the action of alkali for several hours, the use of 
the latter is very convenient for the purpose required. The 
.substance is dissolved directly in sufficient normal alkiili to 
neutralise the carboxyl group and a further 2 molecules of 
caustic soda for each carbomethoxy group to be eliminated 
are added. The temperature should be about 20" t',, when 
the reaction as a rule is completed after one-half to three- 
quarters of an hour. It is usual, however, to use* an aqueous 
ammonia solution in considerable exce.ss, whereby the 
temperature should again be about 20" and the solution 
of ammonia normal or half normal. 

The didepsides so far investigated are crystalline bodies, 
sparingly soluble in cold water ; they — as a rule— decomiJose 
when fused, possess acid reaction, and are dissolvetl by 
bicarbonate.s. On account of the presence of a free |)henolic 
group they give a coloration with ferric chloride; if the 
phenolic group occupies the 6 >-position to carboxyl, the 
coloration with ferric chloride is red or bluish-violet. Exce.ss 
of dilute alkali resolved all didep.sidcs into their components 
' (ler. Pat., 211,403. 
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inaiy temperatures. Tlie didepsides of gallic, proto- 
uic, genti-sinic, and ^-resorcylic acids precipitate gelatine 
.dntne acetate, and in thi.s respect approach the natural 
is. 

le following .summary givc.s an account of dcpsidcs 
have been prejiared synthetically or which occur 
dly 1 


Di-/-hydroxy benzoic acid. 

1 )i-?«-hydroxybenzoic acid. 

Disalicylic acid. 

Diprotocatcchuic acid. 

Digcntisinic acid. 

Di-/ 3 -resorcylic acid. 

/-Dior.sellic'acid. 
i';-Dior.scllic acid. 
w-Digallic acid. 

Uisyringic acid. 
l)i-f;-cumaric acid. 

Uiferulic acid. 

I)i-/i-hydroxynaplnhoic acid. 
?>-l-Iydroxybcnzoyl-OT-hydroxybcn7,()ic acid. 
///-Hydroxybcnzoyl-/-bydroxybenzoic acid. 
Salicyl-/-hydroxy benzoic acid. 
Vanilloyl-/-hydroxybcnzoic acid, 
b’cruloyb/'-bydroxybcnzoic acid, 
a- Hydroxy naphthoyb/'-bydroxybcnzoic acid. 
Orsellinoyb/diydroxy benzoic acid. 
l’rotocuU'chuyl-/-hydroxy ben zoic acid. 
f!alloyl-/-bydroxy benzoic acid. 
I’yrogallolcarboyl /-hytlroxybenzoic acid. 
.Syringoyb/i-bydroxy benzoic acid. 
/-Hydroxybenzoyl-.syringic acid. 
I’enlamelhyl-w-digallic: acid. 
rentanietbyl-/'-digallic acid. 

Vanilloyl vanillin, 




Preparation of Tridepsides 

lonohydroxybenzoic acicl.s allow theoretically of tri- 

Uer., 1908, 41, 2888 ; 1909, 42, 217 | 1912, 45, 2718 ; 1913, .g), i 130, 
1141, 1143 ; Liebig’s Ann., 384, 230, 233, 238 ; 391, 35f), 362, 
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depsides of the type H0.C„n,C00.C;,H,,.C00,C:„II,.C00H 
only; if, on the other hand, di- or trihydroxyhenzoic acid.s 
are dealt with, two formulie are [)().s.siblc, viz. ; — 


n().c,|ii|.coo 



fi,|.c()on 


Of the former type, two compounds are known, i.c., di- 
/-hydroxybenzoyl-Z-hydroxybcnzoic acid and vanilloyl- 
/-hydroxybcnzoyl-/-hydroxybenzf)ic ;icicl - 


HO .. 

>c„ii.,.co( ).c„rr|.co< i.c,,! h.c.a )( )h 
cr[„o/ 

The finst named of these two compounds was obtained by 
Klepl, in addition to the didepside, by heatinp' /-hydroxy- 
benzoic acid, Fischer and Frciidenber^ obtained a beautifully 
crystalline form in the following way; carbethoxyhydroxy- 
benzoyl chloride was coupled with /-hydroxybenzoyl-/- 
hydroxybenzoic acid in alkaline solution, the C(;m[)ound 
dissolved in a mixture of pyridine and acetone, and ammonia 
added for the ()urpose of removing the carbethoxy group, 
The triclepside was then obtained as long needles by rc- 
di.ssolving in acetone. 

Both tridepsidcs melt well above 200 ” C., are iJraelically 
imsoluble in water, and arc but sparing])' soluble in practically 
all organic solvents. In alcoholic solution they givi; colour 
reaction with ferric chloride similar to tho.se given by 
/-hydroxybenzoic acids. 


Preparation of Tetradepsides ' 


Here, again, two forms are known, tri-/'-h)'droxy- 
benzoyl-/-hydroxybcnzoic acid — 

1 1 0, c,|H COO. t;i|i I cot ). Ci,i I ,C( )o. I :,|i I , ( ,'{)( ) 1 r 
and vanilloyl-di-/i-hydroxybcnzoyl-/-hydrnxybenzoic acid — 
no. 

^c„ H,,. COO. c,|i r COO. c„H CO o. c„ n co o 1 1 

0II;|0 

The former has been prepared from carbethmxyhydroxy- 
benzoyl-/’-hydro.xybenzoyl chloride and /^-hydroxybenzoyl-/- 


‘ Fischer and Freiidenbcry, Liebiy's lyio, 372, 32. 
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liydroxybenzoic acid in alkaline solutimi ; the second 
tetradepside was prepared from carbomethoxyvanilloyl-/'- 
hydroxybenzoyl chloride and /-hydroxybcnzoyl-/>-h}'clroxy- 
benzoic acid. 

The preparation of the.se compounchs is rendered difficult 
by the slight solubility of the sub.stanco.s and their slight 
affinities for entering into reaction. Both tetradepsides 
were obtained in crystalline form, and are but very little 
soluble in most organic solvents. They dccompo.se on being 
fused. 


Tannoid Substances of the Tannin Type 

The preparation of pcntagalloyl gluco.se has proved this 
compound to be nearly identical with tannin obtained from 
galls {tannhi ) ; a few other natural tannins belong to this 
type which Fischer terms acyl compounds of sugar with 
liydroxybenzoic acids. The method of preparation employed 
in the synthesis of pentagalloyl glucose may be easily applied 
to other liydroxybenzoic acids, c.g., penta[/-hydroxybenzoyl ] 
glucose^ was prepared in this way. .Similar characteristics 
are exhibited by pcntasalicylo glucose. Mention must also 
be made of the corresponding derivative of pyrtivic acid 
and the compound with pyrogallolcarbo.xylic acid, penta- 
[pyrogallolcarboyl] gluco.se.''^ The latter is i.someric with 
pentagalloyl glucose and [lo.s.se.sses similar [)ro[)erties ; tlicre 
is, however, a vast difference in tlv .solubility of the two 
Wher eas the galloyl conipouml is easily soluble in cold 
water, its isomer is hardly soluble in hot, and comidelel)- 
in.solublc in cold water. Considering the very similar 
structure of these two tannins, such dilTerences appear 
surprising, but an analogy may be readily found in the 
existence of colloidal solutions of tannin and the fnearh') 
identical pentagalloyl glucose. The.se pro[)erties cleaiiy 
show how dependent is the colloidal .state on small difrereiices 
in the structure of two substances. (Dn the other hand, the 
formation of hydrosols is of the greatest im])ortauce relati\’el\' 

' 1 ' iscber and Freudenljerg, />,7-., 1912, ^15, 93^. 

- Fischer and Rapoporl, />V/-., 1913, .|6, 2397. 
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to the part played by these .substances in Nature as well as 
relatin^r to their chemical characteristics ; thus it is extremely 
difficult to make a solution of penta-|'pyrop-alloIcarhoyl]- 
glucose, at the .same time a.sccrtaininj^ its astringent taste 
and its property of precipitating gehitine. 

The experience gained by the methyl glucosides makes 
it exceedingly probable that the .simi)ler polyhydric alccdiols 
al.so are .suitable .substances to employ in these .synthe.ses ; 
as a matter of fact, glycerol has been condensed with gallic 
acid,* 

One of the chief characteristics of .S3'nthetic tannins is 
their high molecular weight; for instance, the molecular 
weight of penta-[tricarbomcthoxygalloyl]-glucosu is i,8io, 
that of pcnta-[penlamethyl-/«-digalloyl]-glucose 2,051. 
Employing gallic acid derivatives, especially the triben/oyl 
compounds, coupled with glucose, e.g.^ mannitc, yielded a 
neutral ester of molecular weight 2,967. 

The determination of the elementary com[)osition of 
compounds of high molecular weight is greatly facilit.'itecl 
by employing their halogen derivatives ; so, for in.stance, 
is /-iodophcnyl mallo.sazone very suitable, Coupling the 
latter with tribenzoylgalloyl chloride yielded hcpta-ftribcnzojd- 
galloyl'l-T’-iodophenyl maltosazonc, the structure of which is 
rc[)resented by — 

CII;N,.lI.C„[l,,r 

I 

CiNall.CijlCI 

Cll.O.R U = C().C,|ira(().CO.(’„iI„)a 

Cll.O.R 

I 

CIl.n.K R R R R 

I 0 0 O 0 

cii„.o.{:ii.cii.cii.cii. CU.CM,, 

' \.,Y 

The molecular weight of this substance is and 

probably represents the highest molecular organic body 
obtained in any chemical .synthc.sis. 


‘ Fischer and Freudenber^f, 11J12, .(5, yjs. 
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From a physiological standpoint the recognition of tannins 
as esters of glucose and hydroxybenzoic acids, possessing 
^ characteristics similar to those of tannin, is of great 
‘ importance. Especially interesting appears the fact of 
plants utilising sugars for the esterification of acids, just as 
glycerol or monohyclric alcohols may he emplo3’ed for the 
same purpose. Free acid.s, as a rule, are only tolerated in 
certain parts of the organism, the latter usually striving to 
neutralise acidic groups which may ho brought about 
salt formation ; formation of amino com[)ounds fproteins) 
or esterification (fats) ; and, lastly, cstorformation by means 
of sugars. 

Why Nature should ahvaj's build up substances of very 
complex constitution can only be explained by' bioclunnical 
investigations, but it may, at any/ rate, be a.ssinned that by 
this means any substance poisonous to the living organism 
is rendered inactive. The function of tlie tannins ])res('nt 
in plants may thus be explained ; if, for instance, phenols 
are formed by the o.xidalion of corresponding sng.ars,' tin; 
poisonoins character of the former would be kts.seiied by' the 
introduction of the carbonic acid esters ;ukI siil)S(ipu'nt 
coupling of the substances (de().sidc formation). The dep- 
sides thus formed would .serve as vehich; of the sugars and 
transport the migrating tannins,-’ and, al'lcr subscipicnt 
deposition of the sugars, would iben be eliminatisl from tbu 
plant organism, either by oxidation into clbunh ai id ;md 
phlobaphenes or by condensation with the formation of cork. 

Hitigraminatically', the following would n-pu-scnl tin; 
[jhy’siology' of the tannins: — 

Sug.'ir '■I’liL'iiol ---I lydroNyben/.dic A'cid -l)(psidr 

I I’liliibaphclie 

- -^Migrating Depsiilc -,'-(;iiic(>si<le- -l''rcc Dep-.ide- - f.llmdi ,'\i id 

jt 'oik. 

' Miclkc, “Ueber die .Stclliinfj dm- ( 'ici listotli: ini .Slotlwcc 1 im‘ 1 dcr 
Ptlanzeii ” (Ilambiiij^, iS'j;). 

- Kraus, “ (a-undlinii;!! /.u cincr I’hy.siologic dm ( Ici hsIoU'r " (itlSip, 

■' Nierenslcin, “ Clieinie dcr tIcrbsUifle” (.Stiitt^;.ii I, l<;lo). 
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SECTION II 


SYNTHESIS OF TANNING MATTERS 

I. Aromatic Sulphoiiic Acids 

In organic chemistry distinction is made between sulidumie 
acids of the aliphatic and the aromatic series, the cliaracter- 
istic group of these acids being the so-called su I phonic acid 
group, HSOj). 

When sulphides or mercaptans in glacial acetic acid 
solution are heated with permanganate, the resulting sul[)honie 
acid compounds exhibit great similarity to compounds con- 
taining free carboxyl groups, The suli)honic acid grou)) may 
also be directly introduced either by concentrated, or by fum- 
ing sulphuric acid, or by elimination of halogen by tlic action 
of sodium or silver sulphite on the halogen derivatives of (ho 
aliphatic compounds. Saturated hydrocarbons d(j not ns-ul 
with sulphur trioxide, but unsaturalofl h)’drocarbons ;iro 
readily attacked by SO.,, Similarly, lialogenaled compoimds 
and alcohols react with concentrated or fuming sulphuric acid 
forming sulphonic and hyrlrosnlphonic aca'ds rcHpcctivcl)', 
The aromatic compounds form, as a rule, siilphoni( ;u i(l,s 
with much greater facility, Henzeiie, for iiislanrc, is casil)' 
converted into the wodisulphonic acid b)- getillj' hcaliiu; with 
fuming sulphuric acid ; stronger heating converts the m- into 
the /-flisulphonic acid, and at 190" the lrisul])hom'c acid is 
formed. Toluene treated with fuming sulphuric acid (irsl 
yields 0- and /-sulphonic acid.s, finally o~ and /> disulphom'c 
acids, ethylbenzene at the boiling point /i-elh)’lbcn/cnc- 
sulphonic acitl. (T the three isomeric xj-lencs 0- and w- 
xylcne dissolve in concentrated, /-xylene in fuming sulphuiic 
acid only. 

The action of sulphuric acid on naphthalene is stronger 
even than on benzene. Equal jiarls of naphthalene and 
sulphuric acid heated to lOO" C. yield 80 jicr cent, a- and 

;)5 
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3 '> 

2t) ptir ot'.nl, /■i-inoiKiHiilphtiiiio At Kio''.. 170" (,!. 215 [)cr 

fciit. and 75 per cant, /i-sulplumii; ac:id is formal, and at 
hip, her temperatures /f-moiiosulphoiiic iicid oul}'. If, on tlu; 
other hand, iS |)arls of naphthalene are heated with 3 parts 
of eoncu'ulrated .sul[)hurie aeid to iMo" (!,, two different 
naphlhyldi.sulphonic acids are obtained, 

t'oni|)lett; .solution of the substance in ,sul|)hnric acid is, 
jpmerally s[)(!akinj;’, a criterion of com])leti! sulphonution. A 
coinpleUil)' sulphonaled compound should remain cl(;ar on 
dilution with water, or, in case preciiiilation occurs, the pie- 
cipitaUi should be eomph-tely .soluble in alkali or ammonia. 
It is nee{;ssary to submit the product to this test, since many 
orp'anic substances an; soluble in c;oncentrati;d sul[jhuric aci<! 
without uuder!.ioin,t^' anj' alteration in cmniHisition. 

I'hosphoruspentoxide or iiotassium sulphate considerably 
increase the sulphonatinp- projKirty exhibited by fuminy 
sulphuric; acid. 

The sc;paration of the .suli)honic acids from .suli)huric acid 
is t:(fecti:d by salting!; out the former with common salt, or by 
r(;inovinp, the sulphuric acid with calcium, barium, or lead 
salts, provided that the sulphonic acid salts of these metals 
are .soluble in water. 

The sul[)honic acid, in its chemically |)ure state, is best 
obtained from its crystalline barium salts, which are decom- 
posed with tin; c<iuivalent of sulphuric acid ; another wa)' is 
to decompose the calcium salts of the sul[)hunic acids with 
o.valie acid. The suli)honic acids arc frajueutl)' h)'p'ro.scopic 
and ar(; easily soluble in water; the majority (jf their barium 
and leail salts are also soluble in water, d'he sulphonic acids 
an; insoluble iu ether. 'I’he halop'ens do not easily react with 
sulphonic acids, but when they <lo they usually re[)lace the 
sulphonic acid pfoiq). In order to jirepare the halopcu 
substitution products, tlu-refore, use is made of sulphonic 
chloridi's. The lattc-r arc- obtained b)- the action of chloro- 
sulphoinc acid on aromatic h)'droearbon.s ; a simpler method, 
however, i--; to treat the dry alkali sulphonates with pho.-.phorus 
|)entachloride -- 

I I■(a,,--('„II,,SC).,,.('1 I NaCI I I'OCI,, 

1 )t;ri vatives of sulphonic chlorides are sulphouamides. 
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which are easily prepared from the former by grinding with 
ammonium carbonate — 

QiHsSOb.c;! + (Nii,)a(:0;r-=t'iiiir,.sOi,.Niru-i-Nir,(:i i-co.j-i- n,.o 

Sulphonic chlorides react with alhaline sulphides to form 
thioaplphonic acids — 

c,|[i,,sOb.(;i rKyS=c„nf,stY-‘^i' 1 '«'i 

Sulphonic chlorides, dissr)lved in ether, yield sul[)hiuic 
acids on reduction witli zinc dust or metallic sotlium — 
C„II„SOb.C 1 I C„Uf..S(),j.ll I IICI 

In the sulphonic acid compounds it is asH\imed that the 
sulphur is hexavalent, and it is hence possible to consider the 
sulphones to be esters of sulphinic acid. 

o 

R S C) 

II 

The sulphones arc mostly solid bodies, which soften prioi' 
to melting when heated. I'hcy are very stable towards 
chemical reagents; for instance, saponification a niono- 
sulphone very rarely yields sidjfiiinic acid. 

If a hydro.xyl is substituted for a hydrogen atom in Ihe 
aromatic hydrocarbons, the action of sulphuric acid is greall)' 
facilitated ; thus, by merely mi.xing phenol with sulphuric 
acid, the sulphonic acid is at once fornu'd, whereby, in tin; ci ild, 
c-phenolsulphonic acid prevails which on healing' for some 
time to loo'-iio" C. is compliRelyconverlcd into /'phenol- 
sulphonic acirl. In the absence of free sulphnric .’icid the 
conversion of 0 - into /i-[)henolsulphonic acid is hrounjil about 
by heating the; acpieous solution. l’hen<>l-2, .|-disnlpln mic 
acid is prepared from 0 - or /'-|)henolsulphonic .acid, whereas 
phenol-2, 4, 6-trisulphonic acid is |)rej)ar(.-d directl)' from 
phenol by heating with concenlr.'itcd snlphnric acid in 
presence of [ihosphorus pentoxide. I’henolsulphonic acids 
arc also obtained by fusing benzenedisiilphonic acid with 
alkali, 

Cre.sol is not so easily .sul|rhonatcd as is phenol; c-cresol 
when heated eight to ten hours at 90" (.'. with one and one- 
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half times its weight of concentrated sulphuric acid, yields 
o-cresol-/>-sulphonic add. 

The phenolsulphonic acid.s are .strong, rather .stable acids ; 
their alcoholic hydroxyl-hydrogen atom may, similarly to that 
of the phenols, be sub.stitulcd by a metal or an alkyl radical, 

From li- and /3-naphthol a number of sulphonic acids may 
ca.sily be prepared; viz., mono-, di-, and tri.sulijhonic acids. 
Nearly all these acids are important as basic materials in the 
dyestuff industry, e.spccially 2, 6-/i-naphlh()lmnnosulphonic 
acid (S-acid), 2, 3, 6-/I-naphtholdisulphonic acid (R-acid) and 
2, 6 , 8-/d-naphtholdisulphonic acid (G-acidj. 


2. Condensation of Phenols 

Phenolsulphonic acids exhibit pronounced tendencies to 
condensation, for which purpose A. v, Baeyer (1872) employed 
aldehydes. The reaction is rather violent, and yields, in 
addition to well-defined crystalline substances, amorphous 
bodies resembling rosin.s. In addition to formaldehyde, 
paraformaldehyde, trioxymcthylcne, methylal, hexamethylene- 
tetramine, and other substances containing a reactive methy- 
lene group, as well as acetaldehyde, ben/.aldehyde and other 
aldehydes may be employed to induce reaction, 

A number of thc.se condensation products are derivatives 
of diphenylamine or hydroxybenzyl alcohols. When the 
latter are heated, cither by themselves or in presence of acids, 
anhydrides and polymerisation products are formed [iroducing 
hard, brittle, fusible substances, insoluble in water but fairly 
soluble in organic solvents. The same substances arc formed 
when phenols are condensed with formaklehydc, especially in 
the presence of acid contact substances and excess of [jhi'iiol 
by sufficiently lung heating at certain temperatures, 'i’he 
substances referred to are termed “ Novolak ” : similar to these 
are the so-called “ Resols,” insoluble and nnn-fusible substances, 
very resistant to chemical and [)hysical action. Another 
member of the series is the so-called “ Pakclite” or " Rcsitol,” 
which does not fuse but softens when heated and swells in 
organic solvents. The ultimate product of this class of 
substances is “ Resit ” which is obtained when concentrated 
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hydrochloric acid is allowed to act upon a mixture of phenol 
and formaldehyde ; the temperature rises spontaneously, and 
a hard, porous, insoluble mass of great resistance is obtained. 
By heating resols, rcsitoLs are formed which, on further heating, 
are finally converted into resits.^ 

Of all these products, bakclite (rcsitol) has fouml the 
greatest industrial application ; in its purest form, this suli- 
stance is a nearly colourless or light yellow body of sp, gr. 1.25 
and, being a poor conductor of heat and electricity, constitutes 
an excellent insulating material; it is exceedingly resistant 
towards most chemical rcagent.s even in concentrated forms 
of the latter. Its pronounced refractivity, and the ease with 
which it may be worked, makes bakclite a favourite substitute 
for amber (Ger. Bat., 286,568). Similarly, tlie resols which 
can be easily moulded arc used either as such or mixed with 
sand, pulverised cork, asbestos or wood, :inil the moulded 
substances then converted into the nKjrc highly resisUuit 
bakclite by heating. 

The constitution of these bodies no doubt depends largely 
on their method of preparation; Baekeland - considers resit 
a polymerised hydroxyben/'.ylmethylene glycol ■anhydride! ; 
Raschig, a diphcnylinethane derivative (c.g’'., dih)'di-ox)-di- 
phcnjdmethanc alcohol) ; Wohl'* considers them polymeiasa- 
tion products of i'ncth)'lene derivatives of tautomeric; phenol. 

•CU Cl I 

II.,C!CC ,co 

N'll ('ll 

This group possesses the; eharacteristie propel ()■ of 
being capable of converting animal hide- into leathei' when 
suitably dissolved. The author has dissolved a numbei of 
these watcr-insolulile condensation products in alkali and 
alcohol and was aide to demonstiMtc; their tanning, elfects on 
pelt; bakclite is easily soluble in :dk;di ; a faint!)' alk.-dmc 
solution partially precipitates gelatine, and complelel)' so 
when the alkali is ncutrali.sed. This latter solution ;d\'es ,l 
dirty brown precipitate with iron salts. 

‘ /Ar., ilSys, 25, 3213. 

- Chem. /'/f,'., 1913 , 73, 73.3- 

■' /'Vr., 1912, 45, 
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These contlensation procliicls i^’aincd exlraurdinary im- 
portance for tlie tanninff trade when Stia.sny ' succeeded in 
preparing them in water-soluble form vvlien they are enabled 
to directly exert their tannoid properties. This may be done 
by acting ui)f)Ji two molecules of concentrated [)henolsulphonic 
acid with one molecule of formaldehyde;, the temi)erature 
thereby not exceeding 35" l^y condensation, however, 
considerable heat is liberated, and hence the rise in t(.:m[)erature 
can only be limited b}' adding the diluted formaldehyde dro|) 
by drop, whilst stirring and cooling, to the phenolsul[)honic 
acid. 'J’he original letters patent is worded as follows ; 10 l<ik).s 
each of crude phenol and siil|)huri(: acid (d()" lie.) are heated 
with' stirring for two hours at io5"-iot/’ (!., cooled to about 
35" C., and 4.6^1 kilos 30 per cent, formaldehyde addiid during 
three hours, the temperature therc'by not exceeding’ 35" ('. ; 
the stirring is continued for a couple of hours after the fund 
addition of formaldehyde. This yields about e.| kilos of the 
crude condensation [)rodnct. On a commercial scak;, howes er, 
crcHol (cresylic acid) is substittili;d for phe?iol. Th(;re are 
three isomers of cre.sol, vi/.., o-, w-, and /’-c-rcsol, and it was 
naturally of interest to investigate whether one or the otlu-r of 
the isomers exerted any particular inlliieiKX' on the pi’operties 
of the final iiroduct. It was found, however, that condensation 
products from the three isomers were dislingni.sh,'d)le from 
one another neither ill ijh^'sical nor in tamioiil pi’opei’lies. It 
is hence po.ssifile to emplo)- crude eresol, \\'hieh contains 
varying c|uanlities of the p-, in- and /i-eompoimds, in the 
rnanufactui’e of these tanning matters." 

The tar obtained from the Rdchliii!,; coal-gas generator 
contains considerable (j nan tili('s of [ihciuils (H I’. ■ : jch ), 

and the author has protected the use of these for iIk- produc- 
tion of .synthetic tannins by (Her. Tat., 06.1,558. .'\ deep 

brown viscous ma.ss is obtained whicli, when partly neiil rali.sed, 
yields similar I’esults to those given 1,))' the product above 
referred to. 

It may be anticipated that by analogy from the elu;mical 
reactions taking [ilacc in llie condensation of phenols on the 

' (ter. I’at., 262,558 ; Auslr, I’al,, 58,405. 

“ etcr. I'al., 291,457. 
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one hand and crcsolsulphonic acid on the other, that !ill (jlher 
homologues of phenol, its polyvalent derivatives, substitu- 
tion products and acids, would yield similar condensation 
products. 

The particular position occupied by the aromatic hyclrc.xy 
compounds in the chemistry of substance possessing taunoid 
character is not only evidenced by the natural classification 
of the tannins, tannin derivatives, and decomposition products 
so far isolated and investigated, but also b)? other chemical 
behaviour shown by these substances. Meunier and .Scyewet/.,' 
for example, were able to show that phenol, /-aminophencjl, 
chlorophenol, trinitrophcnol, catechol, re.sorcinol,hydroc|ui none, 
monochlorohydroquinonc, orcinol, pyrogallol, and gallntannic 
acid piecipitate gelatine from its aqueous solution, that is, to 
a certain extent pos.sess tanning properties. 

The author has extended this .scries somewhat and 
obtained the following results ; — 



Roliilivc Ik'hiivimir Tdw.niis 

Suhstaiu'o. 





GcIlUilM!. 

Ilidi* I'owdci. 

I’L'lt. 

Tribromophenol '■* 

Slight ppte. 

'I'nns 

.Surfaee tannage 

«-Nitrophenol - 

No ppte. 

n 

> > 

Dr-i'^-Nitroplieiiol 

Slight ppte. 

i> 

t ) 

'I'riljromopynigallie 

)i 

,, 

acid 



ISromophlorogliieinol - 


n 

No liinnage 

(hillollavinc 

Slight ppte. 


) 

Hroinosalicylic acid - 




l!roino-d-naplulu)l - 



'fans 

Rosolic acid - - 




Gallic acid 

No ppte. 

No tannage 

No lannage 






by the condensation of their sulphonic acids, il may be 
demonstrated e.xpeiimcntally how the tannoid propcrlii's of 
nearly every member of the .series are intensified. Invi'stiga- 

' Collcniiiiii^ r(;oS, n.i, 195 . 

In alcoholic bokuion. 
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tion in this direction, however, h;is not been systematically 
undertaken, for which reason the authf)r determined to 
examine this subject ; but the enormous number of samples 
required, obtainable only with great difficulty during the war, 
made it impossible to conclude completely the researches in 
this field. What little has .so far been done relatively to this 
subject should, when collected, indicate the way to be pursued 
in this wide field of investigation. What follows will hence 
comprise the conver.sion of a few of the most im[)ortant 
members of this .series of substances into their methylene- 
condensation products with a brief discussion of the (juali- 
tativc and tannoid reactions of the latter. 

The didepside of phenolsuii)honic acid is obtained by 
condensing carbomethoxy[)henolsulphonic chloride with 
sodium phcnolsulphonate in the presence of the calculated 
amount of caustic soda. A product of the com|iosition 

Cii,,.().coo.c„ii.,so,„().(;iii,,..S(),|Nii 

is first obtained, which on .saponification with soda yields the 
pure diclep.side — 

ItO.(VI,,..SO.,.C„lI|.SO,,.N!i 

By acidifying the concentrated solution the didepside is 
obtained as a white crj'stallinc substance ; a solution of which 
precipitates gelatine without, however, c.vhihiting any tanning 
effect upon animal hide. If, on the other band, the above 
ester is converted into the chloride 

cn„o.(:oo.c„ii.,s( ),,,o.c„i 1 ,..s(u 'I 

by treatment with I’Cl^,, and the chloride thus obtaiiu'd 
further condensed with sodium [dienolsulpbonate, saponified, 
and the solution acidified, the pure tridepside 

is precipitated as white crystalline needles which not only 
precipitate gelatine, but are capable of converting animal 
hide into leather.’ 

Of the class of hydroxy-cymenes thymol, 

' CImiii- y^tg., 1919 , 43 , 318 . 
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was converted into the water-soluble sulphonic acid by 
warming with concentrated sulphuric acid at 50" C., the 
sulphonic acid being subsequently easily condensed with 
formaldehyde by slightly heating the mixture. The con- 
densation product thus obtained is a viscous brown mass 
which is easily soluble in water, precipitates gelatine 
completely, gives a bluish-black coloration with iron salts, 
and gives a precipitate with aniline hydrochloride. To 
investigate its tannoid properties, the mixture was brought to 
the acidity i gm =10 c.c. N/io NaOH and a piece of bated 
calf skin was then introduced into a solution measuring alrout 
2" Bd. After eighteen hours the pelt was nearly tanned 
through, and a further twenty-four hours completed the 
tanning process, after which a light fat-liquor was given. 
The dried leather was brownish-grey in colour, possessed 
soft and full feel and good tensile strength. 

On account of their importance, the three dihydroxy- 
benzenes were examined with a view to test their suitability 
for conversion into tannoid substances. 

o-Dihydroxybenzene, catechol, yields a sulphonic acid 
easily .soluble in water, which on the careful addition of 
formaldehyde assumes a blue colour. The cumiiound thu.s 
obtained may be heated to 100" C, without depositing 
insolubles. A further addition of formaldeh)'dc, however, 
results in the formation of a considerable (juantity of 
insolubles whilst the liquid assumes a brown coloration. If, 
on the other hand, the sulphonic acid is diluted with twice its 
volume of water, (ormaklehydc added and the mixture healed 
on the water bath, the licpiid immediately turns brown, the 
formaldch)’dc is completely fixed, and a condcuisation product 
soluble in water results, 'flic latter gives a brownish-black 
Coloration with ferric chloride, complctcl)' prcci[)itates gelatine, 
but gives no opalescence with aniline hydrochloride. Tanning, 
ex[reriments with the partly neutralised (1 gni.— ioc.c. N/io 
NaOll) substance resulted in both grain and (lesh beiiu; 
tanned with a black colour, whereas the interior of the |)elt 
was pickled (white colour). After a further forty-eight hours, 
however, the black colour pcnetratctl the pell, and tannagi- 
was complete. The washed and lightly fat-liquored leathei- 



44 


SYNITIKTIC TANNINS 


was soft, of full fec 4 and good tensile strength, and was 
greyish coloured throughout. 

With regard to the black colour jiossessed by leathers 
tanned with .synthetic tannins the following should be 
noted. When sulphonaling and especially when condensing 
substances, black dyestuffs or very finely divided carbon in 
the colloidal state are often formed. Such a substance does 
not deposit the black particles, even when filtered through 
kaolin, and hence convert pelt into leather possessing bhick 
colour on the surface. The liide in this t:ase acts as a [)erfect 
filtration medium, whereb}^ the surface layers retaining the 
coloured particles assume their colour; thus only the pure 
tanning matter enters into the interior, which then, according 
to the composition of the fijrmcr, imisirts a coioiir varying 
from white to light brown to the inner layers. 

w/-Dihydroxybenzene, resorcinol, is .alstr easily sulphonated 
by concentrated sulphuric acid, the brownish - coloured 
sulphonic acid being easily soluble in water. If the .siil[ihonie 
acid is diluted witli three times its volume of water, cooled 
down, a few dro[)H of formaldehyde added and the mi.xUirc 
heated on the water bath to completely fi.x the formaldehyde, 
and thi.s proce,ss repealed till no more rorinal!leh>'de is taken 
up, a brown watcr-solulde conden.salion product results, tlie 
aqueous solution of whicli |)recijjilates gelatine coiu|)let(:l}', 
aniline hydroclilnridc only partly aiul which gives a (le(;p blue 
colour with ferric chloride. 

A piece of calfskin immcr.scd in a solution of the |)arll}' 
neutralised (as above) product was tanned through in Iwent)'- 
four hours; when lightly fal-licpiored, the resulting leatlu'r 
possessed a yclluwish-grcen colour and good tensile strength, 
and was soft and full. 

/-Dihydro.X3/bcn/,ene, hydro([ninonc, was cfiiu’crled into 
the water-soluble sulphonic acid by heating it with concen- 
trated sulphuric acid at 100° C.. ; the snlidionic acid, mi.xed 
with formaldehyde at ordinary temperature, imincdiatelj' 
solidifies to a white ina.ss, whicli is soluble in writer and whiclr 
had completely fixed the forniahlcli^’de. If, however, this 
mass is heated for some time to too" it assumes a light 
brown coloration and its solubility in water is iliminishcd. 
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A .slig'ht excess of formaldehyde and the application of heat 
result in dark violet insoluble condensation products. The 
aqueous solution precipitatc.s gelatine, gives a dee[) blue 
colour with ferric chloride, hut gives no j)rcci[htate with 
aniline hydrochloride; on the other hand, addition of 
potassium nitrite produces the yellow colour characteristic 
of hydroquinone. 

The product effects a slower tannage (seven clays) than 
the former product, when a brown, soft, but rather empty 
leather of good tensile strength is obtained. 

Of the trihydroxybeu^encs pyrogallol and phloroglucinol 
only were included in these investigations. 

When pyrogallol is sulphonated with concentrated 
sulphuric acid a violet-coloured sulphonic acid, soluble in 
water, is obtained, which, when treated with formaldehyde 
first in the cold and then when heated, yields a solid deep 
red-coloured mass, which precipitates gelatine but not aniline 
h3'drochloride, and gives a blackish-brown colour with ferric 
chloride, The partly neutralised substance in aqueous 
solution tans ])elt in twenty- four hours with black colour on 
the surface only, the intermediary layer being pickled (white 
colour) only, but the black-coloured tanning matter ultimatcl}' 
penetrates the [jelt, which tanned through in seven da\’s. 
The resultant leather is coUjured black throughout, is full, 
soft, and pos.sesses good tensile strength. 

Sulphonation of phloroglucinol siu'ceisls at higher 
temperatures onl)-, the sulphonic aciil being, a solid which is 
.scarcely soluble in water, the latter then assuming a wine, red 
colour. The coiidensation product t)re[)ared as descrilaal 
for resorcinol, but requiring higher teiuperatnre - -is a biic.k- 
red powder, insoluble in water. 

The same end-product also seems to be obtained b\' 
simplj' heating the sulphonic acid at a higher tempc-ralure ; 
this also induces condensation with the formation o( a 
rcildish-brown mass insoluble in water. It i.s, of coui'se, 
impossible to attempt any tanning e.xpcrimeiits with this 
product in aqueous solution ; attempts at dissolving the 
condensation product in alcohol proved barren of la-sult, 
since only traces of impurities accumj)auying the substance 
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dissolved, imparting a light reddish-brown colour to the 
solution. In highly concentrated alcohol, however, the con- 
densation product is somewhat soluble, yielding a reddish- 
brown solution. A piece of pelt introduced into the alcoholic 
solution was surface tanned only after forty-eight hours, 
leaving the remainder of the pelt pickled ; extending the 
experiment over a further four days produced no change in 
the pelt. The latter was therefore rinsed with water, lightly 
fat-liquored and dried, when a .soft but empty leather of 
grey colour and good tensile strength was obtained. It 
appears, therefore, to be a case of pseudo-tannage, where 
an infinitesimal amount of synthetie tannin produces a 
tanning effect without, however, a true tannage being 
effected. 

The Elberfelder Farbenfabriken have irrotected the use of 
the condensation products of di- and polyhydrcjxyben/.cncs 
by Ger. Pat, 282,313; owing to the high co.st of the latter 
substanccs, however, it is doubtful whether synthetic tannins 
prepared from these materials would not be loo expensive for 
any other than pharmaceutical purposes. 

Before leaving the phenols, mention must be made of the 
quinones, the u.se of which for tanning purpo.ses was first 
protected by Ger. Pat, 206,957 (30lh April n/)/). According 
to this patent, onl}' 400 gm. of ([uiuoue are required for the 
conversion into leather of qoo kilos pelt, tlrum tannage being 
preferable. During the ])rocess the leather first assumes 
a reddish colour, changing through violet to brown ; its 
resistance to water, acids, atul alkalies is said to be consider- 
ably greater than that exhibited by all other kinds of 
leather. 

The chemistry of the quinoue tannage has been in- 
vestigated, and an explanation given by 'riuiau ' assumes 
a reaction between the quinoue and the amino groups of the 
hide protein with the formation of hydruciuinone — 

/() ,011 

aU.NII,. -I- I = 

^OII 


(Pell.) 


(r.raiiio.) 


* Collegium, 1 909, 363, 211. 
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Fahrion has shown that, during the tanning process, the 
quinone loses its active oxygen, and this can only be brought 
about by the amino group of the hide protein, the amino 
group only being capable of effecting reduction of the quinone. 
An analogy is here offered by dianilinoquinone. A spent 
quinone liquor contains considerable amounts of hydroquinone. 
The tannage may also be effected by exposing jielt saturated 
with hydroquinone to oxidation by the air. The pelt, which 
is unaltered by the hydroquinone bath, on being removed 
from the latter, and in the presence of alkali, assumes a red 
colour at first, which changes into violet, blue, and finally 
brown, the pelt being thereby converted into a quinone- 
tanned leather. 

It may be noted that quinone only effeets pseudo-tannage ; 
quinone mixed with water deposits, in time, a black amorphous 
substance practically insoluble in water. This substance is 
easily adsorbed by hide powder, but is not capable of con- 
verting the latter into that insoluble form into which it is 
converted by the natural tannins. 

Amongst polyhydric alcohols, the behaviour of the methyl 
ester of catechol, giiaiacol, was investigated. I'he sulphonic 
acid was prepared by heating guaiacol with concentrated 
sulphuric acid, the resulting water-.soluble i)roduct possessing 
a light, brownish-green colour. On ccjiidensing the sulphonic 
acicl with formaldehyde, the same [irecautions were ohserx’ed 
as in the case of resorcinol, hut compleli- fi.\,iliou of the 
formaldehyde could only be obtained by nnall)' beiiling the 
product for a short time over a free llame, at about ir)^" ( '. 
Condensation was indicated by the browni.sh appeai'anee of 
the liquid. No insoluble [)roducl.s were formed. The con- 
densation product easily dissolves in water, the solution 
assuming a rich brown colour and exhibiting the ^ollo^^■ing 
reactions: gelatine is completely ]jrceipitated, aniline Iqulro- 
chloride [)r(jduces opalescence, and ferric chloride :i deep 
brown coloration. 

Tannage, with the partly neutralised product, was rapi<l, 
the pelt being nearly tanned through in twenty-four hours^ 
excepting a small while streak in the middle; after a fllrther 
t^venty-fuur hours this streak had vanished, and the completely 
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tanned, dark grey-coloured leather, after washing, fat- 
liquoring, and drying, was soft, full, and of good tensile 
strength, very similar to the leather yielded by the catechol- 
condensation product. 

Of the nitro-compouiuls, trinitmphenol, C,,! I.,(NO„),|,OH 
(picric acid), was investigated. If a concentrated .solution 
of picric acid Is brought into contact with pelt it will 
penetrate the latter completely in a few day.s ; it i.s, however, 
difficult to fat-liquor the resultant leather, .since the fat i.s 
absorbed only with difliculty. If a pelt treated in th i.s way 
be dried, a soft but rather flat leather results, the colour of 
which easily rubs off, the leather aLso tasting intensely bitter. 
These disagreeable qualities jjrevent a general use of this 
material for tanning puiqro.ses ; in spite of them, however, 
picric acid, in admixture with boracic acid, .salicylic acid, 
and glycerol, is used in the production of the so-called 
transparent leather. The latter is very fle.xihle and possesses 
great tensile .strength, but loses the latter cjuality when 
exposed to heat, and, when stored, also loses its ilexibility. 
By simply wa.shing with water, the leather i.s reconverted 
into pelt. . 

When picric acid is treated with hot .sul|)huric acid find 
formaldehyde gradually added, a dark coloured water-soluble 
condensation product is formed which strongly precipitates 
gelatine. Kxpo.sed to the action of bromine, the coiuleusation 
product yields a mass which i.s insoluble in water. 

Experience has taught that the amino bodies- the basic 
N-derivatives of tiie phenols— do not yiedd substances 
possessing tannoid properties on condensation. On aeconnt 
of their importance, however, a few have been ineludcd in 
this series of investigations. 

Aminobenzene, (.i,,! 1,.,.N 1 1,,, aniline, treated with sulphuric 
acid, yields the water-.soluble aniline sulphate, which, on 
cautious addition of formaldehyde, yields a lasldish-eolourcd 
gel, insoluble in water, in addition to a small volume of a 
reddish-yellow liquid. The latter precipitates gelatine, but 
is not capable of converting |)eit into leather. The in.solublc 
gel is likewise in.soluble in alcohol, .so that tanning e.vpcri- 
ments with this substance are excluded. 
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Dimelhylaiiiline, C,jH„,N(CII,,)„, when treated with .sul- 
phuric acid, yields a product soluble in water which neither 
reacts with nor fixes formaldehyde. Hence the .substance 
does not precipitate gelatine. 

If, on the other hand, nitrosodimethylaniline. 


c„n 


-NO 


is sulphonated, and the water-.soliible sulfihonation product 
heated with formaldehyde for .some time, the ])roduct remain.s 
soluble in water and precipitates gelatine. No tanning effect 
could, however, be detected. 

ArylsulphamirioarylsulplK)nic acids and ;ir)'lsul[ihoxyar)'l- 
sulphonic adds precipitate gelatine, btil are devoid of tannoid 
character. The latter is acejuired b)’ compounds btdonging 
to this class containing two or more sulphamino grou|)s, oi- 
when they, in addition to one sulphamino group, conlain a 
sLilphoxy group and another sulidmnic group. According 
to Ger. Pat., 297,187 (.Society of Chetnical 1 ndnsli')', 
Basle), such compounds are obtained when, for in.slance. 
Sodium sulphanilide in alkaline solution acts upon nitio 
tolucncsulphochloride, anil the resulting nitrololuene 
sulphamino congjound is subsequeutl)' reduced uitli .ui'lie 
acid and iron. 'fhe resulting aminotolueiiesnlphamiiin 
benzenesulphonic acid is fmall}' treated with /' lohieni - 
sulphonic chloride till the latti:r dis.ip[)e.ir'.. .A (ongxjund 
of the composition 


Nit 


S( ),,Nii 

is thereb)' obtained, which, when aeidilied, is iTadil)’ lap.ible 
of being used for tanning purposes. 

1 he intermediary product ol the aininotolueuesulphaniino 
benzenesulphonic acid obtained by this |)roce.ss in.a\’ a!',.ini he 
employed for the purpose of reacting with one-hall molecule 
4 


.SO.. 


< 11 :, 


Nil 
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soda and i molecule nitrololuenesulplionic chloride. The 
following compound is obtained — 


Nil SO.- 


/\, 

u 

l.^J- NII -.SlV- 


vSOyNa 

t:ii„ 




If /-toluenc.sulphriminobenzcnesulphnnic chloride i.s con- 
densed with .sodium sulphanilide, a compound, 

NaS( 

--Nil 

i.s obtained which, when acidified, exhibits tannoid |)ro|)erLie.s. 

On condcn.sing sodium phenolsulphouate with nitrotoluene- 
sulphouic chloride, reducing the condensation proiluct and 
condensing the latter with /'-toluencsulphonic chloride, a 
compound similar to the above is obtained — 



/\ 

1 1 

0--HO.--.^ 


r" iC'lI;, 

IJ 

Nil, so,, 

— Nii- 

Cll,, 

- .S( ). - 



Again, a similar proiluct is obtained when /-tolucncsulph- 
atninobcn/.encsulphoiiic chloride or its homoloiiuc.s or isomers 
are condensed with sodium-c-cre.syl.sulphonalc -- 

,Si ),N.i 




Cl I,, 


- SO., Nil 


Cl r, 


Sl )„ -- ( ) 


The chloride of this compound may again be condensed, 
for instance, with sodium aininotoluenesuljjhaminobimzene- 
sulphonate, and yields the coin[)ound — 


Nil .Sf).,- 


M 1 - Sl )., 


Cl I, 


-Nil SO,. — 


x/ 


JCI 


NaSO., 



SYNTHESIS OF TANNING MATTERS 


SI 

The three latter compounds, when dissolved in water and 
the solution acidified, exert tanning action. 

It is also possible to employ mixtures of arylsnl[)hamino- 
benzylsLilphonic acids in acidified aqueous solution for tanning 
purposes. According to Ger. Pat, 297,188, such mixtures 
are obtained by nitrating benzylchloridc and heating with an 
equimolecular amount of sodium sulphite ; the sodium nitro- 
benzylsulphonate thus obtained is reduced to aminoben/.yl- 
sulphonic acid with iron and acetic acid, and finally condensed 
with the calculated amount of ;»-tolucnc.sul[)honic chloride. 
A mixture o- and /-toluenesulphaminobcnzylsulphonic acid ' 
thus results. 

Amongst aromatic alcohols the dihydric alcoliols show 
characteristic behaviour ; the latter combine with sulphonic 
acids with the elimination of water, condensation talcing ])lace 
without formaldehyde, and the resulting [iroducts being 
soluble in water and pos.sc.ssing lannoid properties." In 
addition to phenolic mono- and disulphonic acids (and higher 
sulphonation compounds), the homologucs, cre.sols, xylenols, 
and naphthols enter into reaction. The two componenls 
condense with great case, liberating heat; dilute solutions 
(of the components) are heated to about 100" the i)rocess 
being complete in a few minutc.s. The products obtained ;ir(' 
exceedingly pure and are easily crystallisable. Employing 
I, respectively 2, molecules of sulphonic acid, the reactions 
take place according to ; — 

' Cf. also (ter. I’.iL, .n‘;,7i,'; and 
- tier. I’at., 300,567, ul ’otli .Sc|)tenilicr \1ji7. 
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The condensation products above enumerated were tested 
with regard to their tanning power, both non-neutralised and 
partly neutralised (i : lO, i : 20, and I : 30 c.c. N/io NaOH) 
samples being examined. In all cases rapid tannage was 
observed yielding firm and soft leathers of light brown colour 
and varying degrees of swollenness. 

Relatively to their reactions, all the products strongly 
precipitate gelatine, whereas only the condensation products 
of phenol, cresol, and xylenol derivatives give a characteristic 
coloration with iron salts. 

The tannin contents of the non-neutralised condensation 
products lie between 72-80 per cent. — figures which clearly 
indicate the purity and efficiency of these substances. 

Notable amongst nrovuilic acids is salicylic acid, 
CflH,^.OH.COO^•I, which at higher tcin[)erature.s is easily 
sulphonated with concentrated sulphuric acid ; the sulphona- 
tion product represents a white solid, which easily dissolves 
in water forming a clear licjuid. The sul[)honic acid, when 
mixed with about onc-thircl of its weight of water and he.ated 
to about 120" C., is easily coiulenscd with formaldehj’de. 
Towards the end of the reaction, considerable frothing sets in, 
but in spite of the high temperature re(|uired by ibis reaction 
no insoluble bakelitcs arc formed. A reddish-brown llnid is 
obtained easily soluble in water, to which it impaids a brown 
colour. An aqueous solution of the product complctel)’ 
precipitates gelatine, gives a strong opalescence with aniliin' 
hydrochloride and a deep violet colnnit ion with ferric (hloride. 
Neutralised as usual, the ])roduct, in a 3 " lie. sol iition, converts 
pelt within three days into a white, full leather of good tensile 
strength. 

This process has been patented by the Deulsch-Kolonialc 
Gerb und harbstoff Gesellschaft (Gernian-Cohmial ranning 
and Colour hixtracts Ltd,) in Karlsruhe, the letters patent 
also including the ring hoinologues of salicylic add. Similar 
results are obtained when cre.solinic aci<l ('hydroxy -tohiic 
acid), 01 I.C||M,|.C 1 I,,.C(X)II, is employed as base. 

If the phenyl ester of salicylic acid, Sahd, 

is sulphonated, a product is obtained which is easily soluble 
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in water, but which is identified as a mixture of the 
sulphonation products of salicylic acid and phenol, the salol 
being dissociated on sulphonation. The temperature must 
not exceed 8o“ C, by condensation with formaldehyde, or 
insoluble bakelitc will be formed from the phenol ; the 
aldehyde must also be added gradually. An aqueous solution 
of the partly neutralised condensation product has a pro- 
nounced tanning effect on pelt, and converts the latter into 
leather in one to two days ; the leather being very similar to 
that produced by the salicylic acid condensation product. The 
qualitative reactions of the product in acpieous solution arc 
the same as those given by the salicylic acid condensation 
product. 

Salicylic acid may, however, also he condensed with 
formaldehyde without first being .sulphonated ; in this ca.se, 
a little hydrochloric acid should be present. A [)roduct 
slightly soluble in water is I'btained, which may be looked 
upon as being rncthylencdi.salicylic acid. In alkaliim solution 
it is easily .soluble,' the liquid [ai.s.sessing an intensely bitter 
taste. The .sodium .salt gives a deep violet coloration with 
ferric chloride, a slight |>rccipitate with gelatine, ami slight 
opalescence with aniline hydrochloride. In contact with pelt, 
however, it exhibits no tanning effect, but when dissolved in 
alcohol, a pickling effect may be observasl." 

The attemiit at preparing a condensation product from 
sodium-?«-hydroxy benzoate by means of formaldelq'de and 
bisulphite is worthy of attention. A dark brown, viscous 
liquid is obtained which is perfectly .soluble in water, and the 
aqueous .solution of which gives opuleseenci; with gelatine, 
a precipitate with aniline hydrochloride, and a bluish-black 
coloration with ferric chloride. its behaviour towards pelt 
is very similar to that of phenolsul[)honic arid, and it yields 
a similar leather. 

A very similar condensation product was obtained by con- 
densing .sodiiun-/’-hydroxybenzoate with formaldehyde and 

' Its solubility in alcohol and alkalies vciulers lliis |)i'odu< t an 
efTuctive and cheap stibsliliuc for shellac.- '/'ranx/. 

“ A sliniliir reaction is observable in the case of the sodium salts of 
METHYI.KNKDls.M.ievi.Ic acid broininatctl nr iodised, which form ;t clear 
solution varying from red to reddish-brown. 
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subsequent sulphonation with sulphuric acid. I'rom a practical 
standpoint, however, these .substances cannot be employed, 
since their tanning action is only effective in acid .solutions of 
such concentration of add as would gelatinise the i:iclt. 

If, on the other hand, non-condensed methane derivatives 
of phenol, e.g., hydroxyphGnylmethaue.sulphnnic acid, ;irc 
partly neutralised and a solution of the product thus obtained 
used for tanning experiments, no tanning action is observable. 
The acidified solution docs not precipitate gelatine, and gives 
a dark brown coloration only with ferric chloride. 

Gallic Acid, C„H,/OII),|.COOri, when heated with 
sulphuric acid, is easily converted into the insoluble rufigallic 
acid, which is also insoluble in alcohol. If, however, gallic 
acid is heated with an excess of sulphuric acid, the product 
cooled and treated with formaldch3'de, a deep brown con- 
densation product is obtained which is .soluble in alcohol, 
and in this state is capable of converting pelt into a substance 
similar to leatlicr which, though rather luird, jjossesses good 
tensile strength. This water-insoluble condensation product 
is also soluble in alkalies, the solution exhibiting properties 
similar to that described above. Gallic aci<l, therefore, is 
not a suitable base for the production of .synthetic tannins 
soluble in water. 

Phthalic acid also is difficult to sulphonatc : tiu; sul- 
]rhonatcd compound treated with forni,dd('h\'<l(‘ gi\'('s mil)' 
water-insoluble condensation products, 

3. Condensation of Naphthalene Derivatives 

'The simplest method of conden.sing /i-naplith;dene- 
sul[)honic acid is to heat it at 135" C. at a |)ie‘,.sme of co mm. 
for several hours. ^ The resulting prodm t is a checs)' mass 
which reacts strongl)' acid. II3’ reducing the acidity of the 
substance to i gm.= 10 c.c. N/10 NaOII, a gre_\'. chcesj/ ma.ss 
rc;sults, which casilj' flissolves in water, the solntiou beinu, 
coloured a light )’ellow-brown aiul precipinning lylatine 
aniline hx'drochloride ; no coloiation, however, ;ippe,irs on 
adding ferric chloride. 

The condensation of /Rnaphthaleuesuli)honic aciil, Imw- 
' Aiislr. I’al., 61,061, of loth Scplcinhcr 191 J. 
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ever, proceeds with much greater energy in tire presence 
of formaldehyde. In practice, for in.stancc, lo kilos of 
naphthalene is heated with the same weight nf concentrated 
sulphuric acid (66° Be.), when the mixture i.s converted into 
/3-naphthalencsulphonic acid by heating for several hour.s at 
ijo^-ido" C. ; the sulphonation completed, the .sulphonic acid is 
cooled to about 85" C., and 4 kilo.s of formaldehyde (30 per cent, 
by weight) slowly added ; finally, the product is stirred at the 
temperature mentioned till all formaldehyde has combined.' 

Tanning experiments with this product yielded, in a short 
time, a nearly white coloured leather (see later). 

In addition to form.'iklchyde, there arc other substances 
which induce condensation of naiihthalene.sulphonic acid ; 
if, for instance, sulphur chloride is allowed to act upon 
/3-naphthalenesulphonic acid, a light brown solid of pro- 
nounced acidic character is obtained ; if the latter is partly 
neutralised with caustic soda, a greyish-brown solid results, 
which dissolves in water with a light brown colour, the 
.solution preci[htaLing gelatine and aniline hydrfichloridc, 
but giving no coloration with ferric chloride.- 

Tanning experiments with this product in a{jueoua solution 
gave a light brown, rather .soft leather, and this, in addition 
to the qualitative reactions of the substance, ])rove that 
this method of condensation hardly alters the character of 
the product from a tanning point of view. The brown 
coloration imparted to the leather tanned witli this comleiisa- 
tion product owes its existence to coloured intennediar}' 
products. 

Attempts at condensing chloronaphthalenesnl[)hom'c acid 
and nitronaphtludcnesnlphonic acid resulted in soluble ctm- 
densation products which gave some of the reactions given 
by the tannins (precipitation of gelatine and aniline hyilro- 
chloride), but which were inca|)abie of tanning pelt, a light 
tannage being effected on the surface only. 

(/.-Naphthol di.s.sulvcd in hot concentrated sulphuric acid 
and heated for .some time on the water bath, )'ield.s the light 
brown, water-soluble a-naphtholsulphonic acid. A dilute 

‘ Aa.slr. I’at., 69,19.1, of 25th June 1915 ; Cer. I'al., 290,965. 

- .Austr. I’.'U., 96,194 
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solution of the latter, when treated with formaldehyde in the 
cold, undergoes no change ; on heating the mixture on the 
water bath a brown precipitate is thrown down. If gelatine 
solution is added to the opaque liquid, a yellow flocculent 
precipitate separates. If caustic soda is added to the opaque 
liquid containing the condensation product described above, 
a clear solution results from which no deposit separates on 
the addition of acetic acid. Gelatine is precipitated by this 
solution. 

The concentrated hot a-naphtholsulphonic acid, upon 
addition of sufficient formaldehyde, effervesces strongly and 
yields a dark brown condensation product insoluble in water, 
but soluble in caustic soda. If acetic acid is added in excc.ss 
to the alkaline solution, the resultant .solution strongly j)re- 
cipitate.s gelatine. 

A suspension in water of the insoluble condensation 
product docs not precipitate gelatine. 

/3-Naphthol, dissolved in hot concentrated suli)huric acid 
and heated for some time, yields the light brown, viscous 
/i-naphtholsulphonic acid. A dilute solution of the killer, 
mixed with formaldehyde, remains clear; when healed on 
the water bath, however, it assumes a dark-, reddisli-yi'llow 
colour, and remains soluble in water and precipitates giTiline 
strongly. This condensation product, on adding c.xcess of 
caustic soda, as.sumes a deep blue coloration, the alkaline 
solution giving no precipitate with gelatine; on adding 
acetic acid tlu: solution turns brown, remains eleai-, and now 
precipitates gelatine. 

The concentrated /I-napiUhoIsulplioiue aciil heatcil with 
formaldcli)'de on the water l)alh }'ields as condensation 
product a ilark, reddish-yellow mass, soluble in watm', whii'h 
preeijutates gelatine. A dilute solution, when allowed to 
act upon pelt, gave in a few days a liglil brown leather, the 
properties of which are vciy’ similar to those possessed b\' 
vegetable tanned leathers. 

The use of naphthoisulphnnic and aminonaphlholsiilphonic 
acids for the manufacture of .synthetic tannins is prolochal 
by Ger. I’ats., 293,6.10, 293,693, 293,0.12, and 303,6.10.' 

' Cf. Aiistr. I’at., 70,162. 
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It is a remarkable fact that non-condensed methane 
derivatives of naphthol, c.g., /S-naphthol-ii-raethanesulphonic 
acid, dissolved in water and partly neutralised, arc devoid of 
tanning character when allowed to act ui^on pelt. Neither 
does this substance precipitate gelatine, but it does give 
a deep blue coloration with ferric chloride, 

The condensation product of /i-naphthol above referred to 
precipitates gelatine and aniline hydrochloride and gives a 
brown coloration rvith ferric chloride. 

Thionaphtholsulphonic acid, when acted upon by formal- 
dehyde, yields a condensation product of the following 
constitution : — 






sn Hit M ISO,, 

1 cii 


\/\/' 


This is a light yellow powder which, di.ssolvcd in water, 
yields an opaque solution ; the latter only exhibits any 
tanning properties when it is not neutrali.scd and even slightly 
acidified and then precipitates gelatine, aniline hydrochloride 
and barium chloride ; di.s.solved in alkali, it forms a clear, 
yellow solution devoid of tannoid properties. Leather tanned 
/ with the acidified .solution is very similar to those tanned with 
the phcnolsuli)honic acid coiulensaticju products; its colour, 
however, is more pronouncedly yellow. 

I /3-Naphthol condensed with hydrochloric acid and formal- 
dehyde yields a methylcncilinaphthol, which is insoluble in 
water; the sodium salt, however, easily dissolves. The same 
condensation, however, lakes [)lace in alkaline solution with 
direct formation of the sodium salt. 'I'lie condensation 
product gives a slight precipitate with gelatine, and a hltiish- 
grey precipitate with ferric chloride; acids re-[)recipitate the 
insoluble methylene coin|)ouiid. Towartls pelt it exhibits 
tanning properties, whereby the insoluble [rroduct referred to 
above is deposited, and .soft, full, and white leather is obtained, 
possessing, however, but little tensile strength. 
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4 . Condensation Products of the Anthracene Group 

Anthracene heated with excess sulphuric acid yields the 
water-soluble anthracenesulphonic acid ; the latter, when 
heated with formaldehyde, yields water-soluble, reddish-bi'own 
condensation products, which remain soluble on prolon^'cd 
heating with formaldehyde. The aqueous solution of the 
condensation product shows no particular reactions ; it gives 
a flocculent precipitate with gelatine and a green precipitate 
with copper sulphate, soluble with blue colour in excess of 
the reagent. 

The partly neutralised solution tans pelt — to which it 
imparts a brown colour — in eight days, but on the surface 
only ; the inner layers arc merely pseudo-tanned (white 
colour). When dried, pelt thus treated yields a full and soft 
leather with brown grain and flesh possessing but little 
tensile strength. Hence, this condensation product exerts 
a ]jickling rather than a tanning effect. 

Anlhraquinone heated with sulphuric acid and treated 
with formaldeiryde in the usual manner, yields a substance 
which, when mixed with water, forms an opaque, milky 
solution. This is not altered by excess of caustic soda. The 
aqueous solution precipitates gelatine and aniline hydro- 
chloride ; all other tannin reagents give no reaction. 

The partly neutralised solution of the I'ondcnsalion 
product e.xerts, in the main, a pickling action on pell ; only 
the surface of which is tanned, with brown colour, the 
remainder being merely pickietl fwhite colour), niiring 
“tannage,” bakelite is formed in the liquid, and pracl icall)’ ,dl 
solubles originally present are deposited. The. tannage 
completed, a light brown, fairly .soft and full leatlier, possessing 
little tensile strength, results ; this leather can be washed onl)' 
with great difficulty and aj)proachc,s more the character of 
a pickled jielt. 

I -I lydroxyantluaKiuinone, i, 5 -dichloroanthra(iuinone, 1,5- 
diaminoanthraciuiiionc, i-methylaminoanthraciuiuone, i -beii- 
zoylamino, b-chloranthraquinoue, i-/«-toluidoanthraquinoue, 
when treated with sulphuric acid and formaldehyde, all yield 
condensation products whidr are but little soluble in 
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water, and which do not at all precipitate gelatine. Tanning 
experiments with these condensation products in alcoholic 
solution yielded empty leathcr.s nf pronounced pickle 
character, 

If, however, i-rncthylainino- 4 -broinantliraquinonc i.s con- 
deiused with .sulphuric acid and formaldehyde, a condensation 
product is obtained which i.s but slightly soluble in water, but 
which precipitates gelatine. 

When phenanthrequinone i.s heated with excess of 
sulphuric acid for some time, a water-soluble, reddish-yellow 
coloured condensation product results. The latter, when 
treated with formaldehyde in the cold and then finally heated, 
gradually fixe.s the formaldehyde and forms a substance 
soluble in water, If the healing, however, is prolonged, 
insoluble bakelites arc formed, which are neither soluble in 
alkali nor in alcohol. 

An aqueous solution of the.se condensation products gives 
no reactions with the insual tannin reagents, though it 
completely precipitates gelatine. When acting upon pelt, 
the partly neutrali.sed dilute solution of the conden.sation 
product pickles the former, and after a few flays the pelt is 
converted into a light brown, full, and rather soft leather 
possessing good tensile strength. 

When the conden.sation product is acted upon by bromine 
in hot aqueous solution, an additive com|)ound is formed 
and the resulting product i.s soluble in water. The afpicous 
solution of the brominalctl pnxluct gives no special reartions 
with the usual tannin rcagenl.s, but preci[)itales gelatine 
completely. Its tanning action upon i)elt is much slewcr 
than that of the original conden.sation product; the surface 
of the pelt only i.s tanned with brown colour, the inner pelt 
being only pickled (light brown colour). When dried, a hard 
and empty leather of good tensile strength is obtained, 
possc.ssing mainly the properties of a pickled [)clt. 

CO on 


Quinizarene, 


\/ 

CO o n 


, treated with ,suli)luiric acitl 


and formaldehjxle, yields a condensation [iroduct which is 
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but little soluble in water and which does not precipitate 
gelatine, 

Quinoline, when sulphonated and condensed with formalde- 
hyde, yields a dark coloured condensation product, completely 
soluble in water ; the solution does not precipitate gelatine. 

Oxyquinoline exhibits similar behaviour. 

On the other hand, the use of retenc (incthylisopropyl- 
phenanthrene), 



for the production of synthetic tannins, is protected by Ger, 
Pat, 290,965.' 

5. Di- and Triphenylmethane Group 

If diphenylmethane, is heated with excess 

sulphuric acid, a dark blue ma.ss, easily .soluble in water, is 
obtained. The product gently heated with formaldehyde 
yields a brown, water-soluble condensation product ; once 
condensation is complete, the jjroduct will stand strongc;r 
heat. If, on the other hand, more formaldehyde is ai Ideal, 
brown, water-insoluble bakclites are formed. The waltu'- 
Holuble condensation product prccii)itates gelatine, but not 
aniline hydrochloride. Dissolved in water, it possesses tannoid 
properties: the pelt is, however, tanned on the surface onl}', 
the intermediary layers being merely pickled ; after four da)'s 
in the solution, the [)elt .after drying was found to be converted 
into a g’rcyish-brown, badly coloured leather, which was 
empty, hard, and possessed but little tensile strength. 

Carbazole (dibenzopyrmle). 



Nil 


on the f)ther hand, was found a suitable b:ise for the com- 
mercial production of synthetic tannins ; its use is protected 
by Ger. Pat., 290,965. 

' Cf. Aublr. I’at., 69,10.). 
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Triphenylmethane, (CaHB).)CH, heated with excess sul- 
phuric acid, yields a nearly black mass which, when condensed 
with formaldehyde in the cold, and subsequently heated, 
yields a mass which is soluble in water. With g'elatine and 
aniline hydrochloride it exhibits reactions similar to those 
given by the diphenyhnethane condensation products ; its 
tanning properties also are similar to those of tlic latter. 
The resultant leather is black, but is soft and full and 
possesses good tensile strength. 

Baeyer's observation,'- that pyrogallol on condensation 
with formaldehyde yields an amorphous body soluble in 
water, which precipitates gelatine and is very similar to 
tannin, was confirmed by Caro- and Kahl." These investi- 
gators found that by the condensation of phenols and h)xlroxy- 
bcnzoic acids with formaldehyde, diphenyhnethane derivatives 
were formed ; pyrogallol yields hcxahydroxydiphcnyl- 
mcthanc — 

Cll< 

\c„lI.,(OII)„ 

Nierenstein ■' repeated the.se experiments, and found that 
in addition to the insoluljle di|Dhenylmethanes water-soluble 
bodies were formed, which latter i)recipitaLe gelatine. The 
condensation product yielded by gallic acid was identified 
as hexahydroxyaurinecarboxylic acid — 

cC C, ,11(011), .(:(.M)ii 
I >(:uii(Oii);..('o<)n 


which is formed in addition to hcxahydroxydiphenylmethane- 
dicarboxylic acid— 


cii /C,l!(Oil):,.(;()()ii 


Baeyer’s experiment with pyrogallol probably also yields. 


' /)(V., I1S72, 5, 280, uk/). 
- Ibid., 1S92, 25, 9.17. 

^ Ibid., 1898, 3r, II.). 

' Colle<iiuiii, 1905, 231 . 
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according to Nierenslein, another compound of the following 
constitution — 


C<J C„H,,(OM),,, 
I >C„lla(OII)a 


Nierenstein considers these bodies confirmation of his 
hypothesis of the existence of a “ tannoplior,” — CO — , in 
the tannins. 

This suppo.sition was adopted by Stiasny ^ and Kausclike," 
and the latter points out that the.se easily .soluble substances 
exhibit tanning properties. Nierenstein ■' was further able to 
show that by all processes of condensation between phenols 
(or hydroxybenzoic acids) and formaldehyde, compounds of 
the character of hydroxyaiirine (or hydro.xyaurinecarho.xylic 
acid) were formed in addition to the in.solublc hydnixy- 
diphenylmcthanes (or hydroxydiphenylmethanecaidioxylic 
acids), the former possessing the characteristic tannojihor 
group and hence preciiiitating gelatine, i.c., exerting tanning- 
action. If the formation of leather is viewed in the light of 
Schiff’s basc,‘‘ one may consider the constitution of a hexa- 
hydroxyaurinecarboxylic acid leather as follows : — 

/C„[l(01t).,.C0'6ll 
I >C|,I[(0I1)...C001I 

In the prciiaration of these and similar rondeiisation 
products, Nierenstein and Webster'' ohserx-ed a jieruliar 
steric effect of the carboxyl groui). Each 2.5 gm. of the 
phenol or the acid in question were dissolved in 30 e.e, of 
water, the .solution brought to boil and 5 c.c. formaldelq'de 
(20 per cent.) and 2.5 c.c. hydrochloric acid added droj) by 
drop ; the precipitate formed was filtered off after twenty-four 
hours, dried at no" C. to con.stant weight, extracted (in a 
Gooch crucible) freely with water, and the resiilue again 


Gcrhcr, 1905, 233. 

- CoUeohiin, KjoCi, 3O2. 
I90f>, 434- 
//>/>/., 1905, 159. 

A’er., 1908, .|i, 80. 
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dried at l io° C. till constant. The following values were 
obtained : — 



ToUil 
Precipitate 
in Granunes. 

Insol. At]. 
Diphenylinetlmnc 
Derivatives. 

Sol. Acj. (Jxy- 
iuuinecai'lioxylic 
Acid. 



Per Cent. 

Pen- a-iil. 

Phloroglucinol - 

002 

TOO 

... 

Hydroquinone - 

2.3716 

1 00 


)) 

2.0542 

TOO 


Pyrogallol - 

2-515° 

TOO 

... 


2.7940 

TOO 


Pyrocalechol 

2.9805 

1 00 


3J 

2-9574 

TOO 


Resorcinol 

2.9954 

TOO 


" 

2.9725 

TOO 


Gallic acid- 

2.0706 

78.84 

21.16 

' 

1.2240 

83.18 

1 6.82 

) J 

1-1405 

59 - 9-1 

4 1 .06 

/d-Resorcylic acid 

2. 1040 

5 1.08 

48.92 

JJ 3 ) ” 

2.2008 

47.12 

52.88 

Protocatechuic acid • 

... 

)) Jt 

Vanillic acid 




Tannin 

2.0599 

. . . 

Nearly all sol. 

Digallic acid 

2. 1042 

80. 1 6 

19.84 

Leucodigallic acid 

2.004 r 

1 - 9-1 

98.06 


With the introduction of tlic c.'irlxixylic group the tendency 
of condensation to diphcnylinctliane deri\’ati\cs is lessened ; 
by protocatechuic acid the tendency is nil. Nierenstein 
considers thi.s reaction analogous to the formation of cork, 
to the genetic relation of which witli the iliplu'n)’hnethane 
formation Drabble and Nierenstein have referred in an earlier 
publication.' It is hence possible that the plants may employ 
formaldehyde as a methylalion medium, and produce these 
insoluble condensation products for the ]nirpnse of ridding 
themselves of the poisonous [)henols and aromatic hydro.v)' 
acids (and tannins), in addition to oxidi.sing processes wdiereby 
phlobaphenes, cllagic acid, etc., arc formed. 


' lUochemical Jour., 1907, 2, 96. 
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The reaction between phenols and aldeliyde.s has been 
further studied by Michael^ who prepared a condensation 
product from phenol and resorcinol with bcnzaldehyde, and 
Russanow,^ who also employed bcnzaldehyde and phenol. 
Lipp'* investigated the action of benzaldehyde and jriperonal 
on phenols, anisoles, cresols, cre.sylic ether, resorcinol, and the 
ether of the latter and phenol, and .showed that when free 
phenols arc condensed with benzaldehyde the hydroxyls 
occupy the same position as by the interaction l)ctwcon 
benzaldehyde and the corresponding phenolic ethers. The 
resulting dihydroxytriphenylmethanc derivatives form beauti- 
ful crystals, which on oxidation are converted into benzaurines, 
the constitution of the latter probably being — 




I 

t ■« 1 1 f. 


In alhalies, the hydro.xylated triphenylnielhanes dissoK'c; 
without imparting any colour to the solution ; !))• I'oncentrated 
sulphuric acid they are taken up with intense coloration, 

If the hydroxyls occu()y the ortho-position to nu'lh_\'l, 
they may form xanthenes liy s]jlitting off water — 


0 


Cl I,,' I Cl I, 

ClI 



In the bcn/cne series this reaction is difficult to ('st.d)lish, 
and has to be induced by distilling the iiarlicular dih3'droxy- 
dipheiiylmethane at ordinary |)ressure. In the naphthalene 
scries, on the oilier hand, the ring closes up b}', for instance, 

' yliJit'i-. Jour., 5, 318 ; i;, 130. 

- Her., uS’Sn, 

■' Diss,, Bern., 1905. 
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the condensation of /i-naplithol with bcnzaldchyde or par- 
aldehyde, and yields the following compounds : — 


< C]o)J{rs. 


V C|„[r,p 

cii,r-cn< No 

I I / 
'-■LIH ‘it 


These xanthenes arc white, silk-glossy needles, which are 
soluble in water and in alkalies. In concentrated sulphuric 
acid, they are taken up with beautiful fluorescence. 


6. Summary 

From the qualitative reactions of the different condensation 
products described it may he seen that their t;uinoid 
properties arc not dependent on whether they precipitate 
gelatine or arc adsorbed by hide [KHVcler or not. Itydroxy- 
j naphthylincthancsulphonic acid, for instance, precipitates 
' gelatine but docs convert pelt into leatlier; on the other 
hand, sodium dicresylmetliane.sul|)honate does not precipitate 
gelatine, and neither docs it tan ])elt ; nevertheless it is 
adsorbed by hide powder as " tanning matter.” Tlie iiuthor 
/'discovered that r)-nitroplienol does not precipitate gelatine, 
/' but has some tanning action on l)oth hide jjowder and pedt. 

Relatively to the possibilities ol' forming condiaisation 
products possessing tannoiil propertie.s, tin; following may be 
stated : — 

All mono- and polyhydric plu-nols may hr; I'oin’erted into 
true tanning matters by cither condensing them ;is such, or 
after their conversion into the corresponding sulphonic acids, 
by substances capable of eliminating the I'lements of water. 
It makes no difference to the final [riodnct whether the 
condensation is the first .ste|) followed h)- sulphonation and 
con.sequcnt soluliilisation of tlie intermediary imsohihle 
piroduct, or whether, vice versa, the sul])honic acid is subjected 
to condcn.sation. Alkaline .solution of iihcnols ma)' also he 
condensed, the reaction products, when condemsed, con- 
stituting tanning matters soluble in water. 

Among the substitution products of tlie phenols, the thio-, 
chloro-, bromo-, nitro-, and amino[)henol.s as a rule yield 
tanning matters similar in character, 
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The quinones are as such — i.e., without being condensed — 
substances possessing tannoid properties. 

The aromatic dihydric alcohols are easily condensed with 
the different sulphonic acids and yield valuable tanning 
matters. 

Of aromatic acids all those which yield water-soluble 
SLilphonation products seem suitable for the industrial pro- 
duction of tanning matters. If the acids themselves do not 
yield water-soluble sulphonation products, the alkali salts of 
the latter may be condensed with formaldehyde, and the 
resulting products then constitute tanning matters provided 
their solutions can be neutralised or faintly acidified without 
the solute being thrown out of solution in insoluble form. 

The diphenyl derivatives of the above groups often possess 
tannoid properties. 

The same holds good of tho.se compounds with condensed 
nuclei (naphthalene, anthracene, etc.), and all their derivatives 
which satisfy the above conditions. 

The choice of condensing agent is, as a rule, of little 
significance. Elimination of the elements of water by the 
mere application of heat succeeds in few ca.sc.s only, sime the 
high temperature required to induce reaction in m;my ca.ses 
causes decomposition of the substances. This difficulty is 
overcome by heating in vacuo. Gondensation with formalde- 
hyde always succeeds, with acetaldehyde and ben/.aldeh)'de 
only partly. 

The actiiJii on hide powder, pelt, and gelatine by these; 
characteristic substances is tabulated below: — 
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lielative Behaviour 

toward.s 

Substance. 




(ielatiiie. 

Hide I’ovvder 

Pelt. 

I'cniialdeliyde - - - - 

I’ptc, 


Tanning 

I’lienol 


Chloroiilienol . . - - 

1} 

Tiimiing 


Tribroniophenol i - 

Slight ppte. 

Surface tattning 

o-Nitrophenol . . - - 

No ppte. 

1) 

hromoiiiU'ophenol 

.Slight niite. 

1 1 


Tvinilroplienol - . - - 

I’ple. 

1 1 

Tanning 

ItronidtriniU'oplienol - 

.Slight Diite. 

1 1 


/-Amindphenol 

I’ptc. 



w-Diliydroxyljcnzene - 

,, 

... 

, , , 

Orcinol 




yi-Dihydroxybciv/.ene - 

1 1 

Tanning 

'I'anning 

Monochluro-/-cUliydr()xyl)Cuzene 

11 


fl-Diliydroxyl)eivzenc - 


. . . 

» • 

I’yrognlUc acid - . - - 



. . . 

TribromopyrugaUic acid 

>1 

Tantiinj; 

Surface tanning 

Gailic acid .... 

No piitc. 

Nut tiiiming 

Not tanning 

Jiromtiphiorogluciiiol . 

I’plc. 

♦ J 

Slight ppte. 

Tanning 

Gallotannic acid 


Tantiing 

Not tanning 

Gallollavine .... 

1 1 

Quinone 

11 

») 

Tanning 

Uromosalicylic acid ■ 

,, 


Not tannitig 

DinaplUbylinctliancdihulpliDnic 

i’ptc. 

1 1 

Tanning 

acid 



l)i|il)cnylmotliancdwulpli()nic aciil 

1 ' 

1 > 


nicve.sylmctliano(iisitlpliimic acid 

1 1 

No ppte. 

,, 


Sodium dici'esylmelhanedisul- 

,, 

Not tanning 

piionale 



Dixyiylmclliancdisuiplionic acid - 

I’ple. 


Tanning 

NaplUholdi.suipiionic acid - 

1 1 

Not tanning 

Not limning 

Metliyloncdinapluliol - 


'I'aimiiig 

'I'anning 

Hydroxy phenyimclhancsiilphoitic 

... 


Not tanning 

acid 



1 lydroxyiiaplUliylmellianesul- 

Slight ppte. 



phonic acid 



DiaminonaplitliyIniethaiiediMd- 

l‘plc. 

'rjuiiiin^ 

'raiminjr 

phonic acid 



Dihydroxynaplubylmcllianedihid- 

, , 

, , 


])honic acid 




DiciiloronaphlliylinclhancdisiiU 

,, 

, , 

.Surfaci* laiminj.; 

phonic acid 



Hinilrunapiuliylmetiianeciisul- 




jihonic acid 




DitliionaphLliylniethanedisnl- 



'r.inniii}.; 

phonic acid 



Hronu)-/3-aapl\tlioi ' - 

Slight ppte. 



Ko'^olic aciiO .... 

I*ple. 

>1 

1 1 


* In alcoholic solution. 




SECTION III 


TANNING EFFECTS OF MIXTURES AND 
NATURAL PRODUCTS 

I. Mixture of Phenolsulphonic Acid and Formaldehyde 

The most important invention relatively to the search for 
new tanning materials was that of Weinschenk,' who first 
showed that pelt may be converted into leather by the action 
upon it of mixtures of naphthols and formaldehyde. This 
process consists of two steps : the pelt is first immersed in a 
0.25-0.50 per cent, formaldehyde .solution, and secondly in an 
aqueous solution of 0- or /I-naphthol ; thi.s ordei' may be 
reversed. If, on the other hand, a pasty mixture is made of 
formaldehyde and naphthol, and this is allowed to act upon 
the pelt, the latter is rapidly converted into leather, but the 
mixture must be administered very gradually or otherwise the 
insoluble methylencdinaphthol is formed outside the pelt and 
hinders any tanning effect. 

Leather obtained through the action of it-naphthol is, when 
fre.shly tanned, pure white and sufficiently soft and firm, but 
quickly assumes a brown colour on storing; if, however, 
/:i-naphthol is employed, a cream-coloured leather results, the 
colour of which turns only slightly more yellowish even when 
cxpo.sed to the direct rays of the sun. 

A similar process has recently (25, xii., 1915) been 
protected by Ger. Pat., 305,516, granted to the Deiitsch- 
Kolonialc Gerb- und Farbstoff Gesellschaft, in Karlsruhe. 
According to this |)atcnt, pelt is treated in .separate solutions, 
one of which is formaldehyde, the other being that of such 
aromatic compounds or their .salts which yield water-soluble 
condensation products with formaldehyde ; for example, pelt 
is immersed in 2-5 per cent, solution of formaldehyde for 
a few days, and is sub.sequcnLly treated with 1-2 per cent. 

' Ger. Pal., 184,449. 
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neutral or faintly acidified solutions of a-naphthylatnine 
hydrochloride, resorcinol or sodium phenatc or crcsylate, for 
several days. The resultant leather is claimed to be soft and 
full and to possess good tensile strength, 

The tanning properties of mixtures of phcnolsulphonic 
acid and formaldehyde have been examined by the autlror 
with the following results : — 



I. 

If. 

HI. 

(Irammes formaldehyde 

10 

20 

40 

,, phenolsulphonic acid - 

20 

50 

100 

,, caii.stic.soda(sol.,4o percent.) 

TO 

20 

40 

,, water 

500 

SOO 

500 


The above solutions were made up and allowed to act 
upon pelt pieces weighing 15 gm, ; whereas Solution I. 
remained clear throughout the experiment, Solution II. 
became somewhat clouded, and Solution 111 . assumed a 
milky appearance. The pelts were tanned through in seven 
days and yielded leathers which, after drying and finishing, 
possessed yellow colour, long fibre, and good tensile strength, 
but a rather empty feel. 

To prevent sefiaration of insoluble matter during tannage, 
another experiment was carried out, in which the pelts were 
first submitted to the action of formaklehyde fio, 20, and 
40 gm. in 500 c.c. water) for three da)’s, being subsc(|uently 
removed to fre.sh solutions of partly neutralised |)henol- 
SLilphonic acid {cf. above). Similar results were obtained, 
but the leather felt even more empty than those obtained 
by the former experiment. 

Attempts at converting (lelt into leather l)y first immersing 
the pelt in a partly neutralised solution of |)henolsulphonic 
acid, and subsequently transferring it to fre.sh solutions of 
formaldehyde, gave merely negative results ; the phennl- 
sulphonic acid effected pickling action upon the pelt, but 
was subsequently quickly replaced by the formaldehyde, 
before the latter had penetrated the pelt in sufficient quantity 
to induce condensation, thereby exerting tanning action. 
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To explain the tanning effects of these mixtures, the 
author analysed the leathers resulting from the effects of 
the latter, and was able to show, that in these cases also, 
condensation of phenolsulphonic acid and formaldehyde 
takes place inside the pelt, since on the one hand the analyses 
left no doubt but that true tannage had been effected, and 
on the other hand an ammoniacal extract of the leathers 
gave the typical reaction for condensation prt)ducts of 
phenolsulphonic acid, with aniline hydrochloride.' 

The leather analyses gave the following figures : — 


Moisture 
Fats - 
Ash - 

Leather /Tannin 
substance! Hide substance 


T8.30 per cent. 
0-47 

0.98 „ 

26.37 .. 

„ 


A characteristic feature is the low value of tannin, which 
is considerably higher'^ where condensation products of 
phenolsulphonic acids arc used as tanning agents ; the action 
effected by the separate constituents, therefore, is more that 
of pickling. 


2. Mixture of Phenolsulphonic Acid and 
Natural Tannins 

A piece of [jclt was immersed in a lialf-ucutr:iliscd 
solution, measuring Ci' ltd., of plK'uolsulphonic acid, and left 
sixteen hours in the solution, which completely penetrated 
the pelt tiuring this time ; it was then transferred to a 
12“ Be. solution of a mixture of (luehraeho and chestnut, 
which in two d.ays converted the pelt into a light coloured 
leather possessing good tensile strength. 

By using a bath com[)osed of half-ncutralisr;d phenol- 
sulphonic acid anrl iiuebracho extract in f' Be. solution, 
another piece of [rclt was completely tanned in two daj-s. 
The same result was obtained by first half neutralising the 
phenolsidphonic acitl and then adding siilijhited quebracho 
extract till a 5" Be. solution was obtained. 

' Collegium, 1913, 516, 142. 

- Ibid ., 1913, 521, 47S. 
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A piece of pelt received a 2° Be. liquor composed of 
3 parts of phenolsulphonic acid and i part of formaldehyde 
for sixteen hours, and was then completely penetrated ; it 
was subsequently transferred to a 10" Bh. liciuor composed 
of chestnut and quebracho, being completely tanned in two 
days. The same result was obtained on adding sufficient 
sodium sulphate to the above mixture of phenolsulphonic 
acid and formaldehyde to raise the density from 2"-3" Bd. 

Sixty grammes of phenolsulphonic acid were i)artly neutral- 
ised with 100 c.c. of a 10 per cent, solution of caustic soda, and 
10 c.c. formaUleh)’dc addcfl to 400 c.c. of the mixture (2" Bd.) : 
a piece of pelt was com[)1etely penetrated by the solution in 
sixteen hours, and was subsequently tanned in two days, 
using an extract of 10" Bd. Similarly, by treating a pelt 
with 400 c.c. of a half-neutral i.scd .solution of phenolsulphonic 
acid (3" Bd.) plus 8 c.c. formaldehyde, and adding aftcr 
eightcen hours sulphitcd quebracho extract tr) the same bath, 
strengthening the latter to 6" Bd., the pelt was converted 
into leather in two days; in this ca.se, however, much of 
the tannin was prcci[)itated by the formaldehyde present in 
the solution. If, on the other hand, a mixture of 80 gm, 
dilute phenolsulphonic acid (i ; i aq.) and 14 gm, of for- 
maldehyde wore cooled for several hours and subseciucntly 
strengthened with sul))hitcd quebracho extract to 7 Bd,, no 
tannin was precipitated in the hdiuor, and a |)iece of pelt 
immersed in the latter was completely tanned in sixteen 
hours. 

To prevent the precipitation of taindn caused b}' the 
formaldehyde, sulphite cellulose extract (wood pulp) was 
substituted for sulphitcd quebracho extract, and the following 
experiments carried out : — 

To 200 c.c. of a 6" Be. sidiihite cellulose extract plus 
200 c.c. of half-neutrali.sed phenolsulphonic acid solution 
was arlfled 15 c.c. formaldehyde, and this solution tanned 
pelt in four days; the resultant leather was light brown, 
firm, and possessed good tensile strength and long fibre. 

Another piece of pelt was immersed in a solution of 
400 c.c. phenolsulphonic acid of 3" Bd. plus 15 die. formalde- 
hyde for eighteen hours, and was then tanned in a C-i' Be- 
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solution of sulphite cellulose extract. The resultant leather 
was extremely light coloured, and possessed qualities .similar 
to those described in the former experiment. Finally, pelt 
was immersed in a 6" Be. solution composed of 140 gm. of 
a 15" Be. sulphite cellulose extract, 10 gm. of formaldehyde, 
400 gm. water, 15 gm. phenolsulphonic acid, and 30 gm. of 
a 10 per cent, caustic soda solution, and wa.s tanned in four 
days. This leather also was coloured light brown, of good 
tensile strength, and rather firm. 

These experiments prove that when pelt is treated with 
formaldeh3/de, phenolsulphonic acid, and vegetable tannins, 
tire two former components effect, more or less, actual tannage ; 
it is admittedly a matter of .some difficulty to establish 
whether the effect is one of pickling or pseudo-tannage, or 
whether the tannage may be considered a true one, The 
final effect, however, is nearly always that of a true tannage, 
i.e., by varying the composition of the tanning solutions 
leather is obtained with properties identical with those tanned 
with true tannins of vegetable origin. The only difficulty 
encountered in these combinations is the property of formalde- 
hyde, of precipitating the natural tannin.s, and it is hence 
essential, for practical purpose.s, to .so arrange the combination 
that their value is not reduced by the property referred to, 
The fact that not only compounds already existing may 
convert pelt into leather, but tliat a similar effect is obtained 
inside the pell, by tlieir components, is indeed of theoretical 
interest. 


3. Tanning Effects of Different Natural Substances 

In addition to the vegetable tannins. Nature has also 
provided other substances of vegetable origin, which, 
admittedl)', do not effect tannage in their original stale, but 
which may, Ijy suitable treatment, acquire tins pro[)erty. 
The oldest information on this jroint is supplied b)' Resch,' 
who carried out tanning c.xpcriments, using three parts of 
peat and one part (jf oak baric. 

By the action of nitric acid on .substances of vegetable 

' Scherer's Jour., 1801, n, 495. 
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and animal origin, Hatchett,’ Chevreul,^ and Vogel claim to 
have obtained tanning materials, whilst later. Buff'' obtained 
a material suitable for tanning purposes from indigo. 

By subsequent treatment with lime and soot, or tar, 
Ashmore" claims to have converted pelt into leather. 

By treating peat with nitric acid, Jennings" and Payne’ 
have produced artificial tanning materials. 

Skey" obtained a dark brown extract, soluble in water 
and precipitating gelatine, by treating bituminous coal or 
lignite with nitric acid ; by extracting coal with alkalies, 
Reinsch” isolated a substance (pyrofusdne) whicli, when 
partly neutralised with carbon dioxide, was capable of con- 
verting pelt into leather. 

In addition to these tanning materials the recovery of 
a substance possessing tanning properties from the so-called 
acid rosins has been made the subject of a patent ; this 
rosin is formed when crude oil is treated with concentrated 
.sulphuric acid in the oil refineries. The greasy substance is 
partly neutrali.sed with alkali and is claimed to produce a very 
springy leather. 

The waste liquors obtained in the manufacture of cellulose, 
the .so-called sulphite and .sodium cellulose waste, have, 
liowevcr, been the subject of numerous investigations, and 
several hundred publications have appeared and a great 
number of patents " taken out, the first one being that of 
Mitscherlich and Hunig."* 

The waste licjuors contain large (luantities of acids and 

‘ Gc/ilcn’s Jiinr., 1805, i, 5.15. 

“ A 7 in. CMm., 1810, 73, 30, 

" Jour. Chou. Phyx., 1812, 6, loi. 

' Umi., 1827, 51, 38. 

Dinyh'f^s Jour.., 1833, 48, 67. 

" Jahrcxber. d. Chem., 1 858, 666. 

’ Chou. Codnilld., 1908, ii. 554 ; (.wr. Pal,, 200,539. 

" Chou. Nm'.t, i8()6, 206 ; '/.cHx.J'. Chon., 1866, 753. 

" Phanu. Codrulh., 1887, 141, 

Ger. Pat., 36,019. 

" “ Lileratiir iiber Sulfilablauge," 1910-13. (Reprint from Wochodd. 
/. PaJ/io /(din’ko/io?!.) 

Jahresber. d. Chem., 1893, 8go ; Ger. Pal, 72,161. 

Chem. Ccntralbl., 1902, ii. 174 ; Ger. Pal,, 132,224. 



TANNING EFFECTS OF MIXTURES 


7S 


lime, and in order to utilise the liquors for tanning jjurposcs, 
the excessive sulphuric and sulphurous acids as well as the 
lime must be removed. The active tannin is no doubt the 
lignin.sulphonic acid, and those cellulo.sc extracts containing 
the largest amounts of free ligninsulphonic acid may also be 
considered the most efficient. 

According to the authoiU such sulphitecellulose extracts 
precipitate gelatine, aniline hydrochloride, ammoniacal zinc 
acetate, and basic coal-tar dyes, and give a grccnish-black 
coloration with ferric chloride. These reactions indicate the 
pre.sence of tanning matters in cellulose extracts. 

The official shake method of analysis gives the following 
results : — ® 


Tanning matters 
Non-tannins - 
Insoluble matters 
tVatcr 


Ash - 

Sulphurous acid 


23.0 per cent. 
3°'3 

0-7 n 

46.0 „ 


100.0 per cent. 

4-3 n 
0.6 


Many other substances have been u.scd for tanning experi- 
ments, a number of them [trecipitating gelatine. Zticharias ■' 
obtained leather by the action of many coal-tar dj’cs on 
fjelt, similarly Herzog and Adler, by using rrussian blue, 
Neufuchsin, patent blue V, crystal x'iolet, and colloidal gold. 

Most inorganic substances possess l.'uining properties 
when in the colloidal state, r.t;-., sulphur, halogens, chromium 
salts, iron salts, silver oxdde, and the .salts of mercur)', copper, 
bismuth, zinc, lead, platinum, cesium, vanadium, and the rare 
carth-s (salts of cerium, lanthanum, didymium, neodymium, 
thorium, and zerconium). 

For practical purposes, however, only sulphur, chronic, 
and alum salts arc used, the latter two being of tlie greatest 
iinpurtance. 


' 'retitnikum, 1912, 20, 156. 

- Ibid. 

■' Zeits.f. Ang. Cheni., 1907, 1645, 



SECTION IV 


METHODS OF EXAMINING TANNING 
MATTERS 

Whereas the evaluation of vegetable tanning matters 
necessitates determinations of their practical applicability in 
addition to qualitative and quantitative analyses, the latter 
two determinations are of practically no value when dealing 
with synthetic tannins. The way in which tanning matters 
obtained by chemical means exert their action, in addition 
to the intensity with which they convert pelt into leather, i.s 
the only criterion of their quality for practical (tanning) 
purposes ; both may be demonstrated by experimental tests. 

When dealing with the natural tanning materials it is 
desirable to know their contents of actual tanning matter, 
from which their special qualities as tanning agents may be 
deduced. Where the vegetable tanning materials have already 
been converted into extracts, it is e.s.sential to establish the 
identity of the original material used by the qualitative 
reactions of the extract in addition tf> the (iiiantitative 
estimation of actual tannin contents. It is frecpiently 
necessary to examine whether the extract in (|ue.sti()n has 
been actually prepared from the material giving the extract 
its name, or whether the extract has suffered the addition of 
other extracts of tanning materials of but low quality. .Such 
determinations may be undertaken by microsco[ncal observa- 
tions and by means of qualitative and (luantitative reactions ; 
for this puiqjose man}' colour reactions and prcci|)itation 
methods are available in addition to the determination of the 
molybdenum figure (Lauffmann),' the alcohol and ethyl acetate 
figures and microscopical examination (Grasser).-' Of other 
adulterants tending to reduce the tpiality of e.xtracLs may be 

‘ C<)/lci^iu?n, 1913, 10. 

• - Jbid., 
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mentioned sugars, mineral salts, and coal-tar dyes;^ for the 
determination of these, the special literature should be 
consulted,^ 

Two methods are devised for the purpose of quantitatively 
determining the tannin contents, both of which employ hide 
powder, and which are known as the “ shake method ” and 
the “filter bell method” respectively; the former is adopted 
as the official method of the “ International Association of 
Leather Trades’ Chemists” (I.A.L.T.C.).'’ 

The original method,'^ worked out in the laboratoiy of 
the Yorkshire College (now the University of Leeds), 
essentially consists in introducing d-9 gm. of hide powder 
in a shaker, washing it at least twice with distilled water 
and carefully squeezing out the powder in a linen cloth 
between each washing. too c.c. of the solution to be 
examined, which may not contain more than i per cent, 
total solids, are introduced into the shaking bottle which is 
then weighed. About one-third of the washed hide powder 
is then added, and the bottle shaken ten to fifteen minutes ; 
another third is tlien added and, after shaking, the third 
portion. The bottle plus contents is now weighed, and the 
amount of hide powder introduced ascertained Ijy difference 
of the two weighings. The liquid is then filtered through 
filter paper, 50 c.c. of the clear filtrate ev.aporaterl in a basin, 
dried and weighed. The residue in the original solution is 
then obtained by multiplying the former by too ([)lus 
weight of water added with hide powder), and dividing 
by 100. 

This method was closely investigated by a large number 
of leather traclc.s’ chemists, was considerably improved, and 
in its final form prc.scntcrl a method of the highest degree of 
accuracy ; the method was therefore adopted as I'hf Ojficial 
Method of Tanning Analysis by the h.'V.L.'l'.C., which hod)', 
at the same time, gave precise instructions as to the details 

' (irassor, Collegium^ ign^, 379 ’ 

- (Irasscr, “ Hanclbuch f. gerbeicicheiii. l.aboratoricn” ([.cip/.ig, 
191.1) ; Procler-naessicr, “Gerbereicbem. Unlersuchungen” (Iterlin, 1901). 

■' And also by the .Society of Leatber Trades’ Cliemi.sts, — 'I'mnsl. 

‘ Leather Manufacturer, 1894, No. 9 j J.S.C.L, 1894, 49.1. 
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of the method. The latest instructions, which are reprinted 
below, permit of any method of analysis which observes the 
following conditions ; — 

1. The solution for analysis must contain between 3.5 
and 4.5 gm. of tanning matter per litre, and solid materials 
must be extracted so that the greater part of the tannin is 
removed at a temperature not exceeding 50" C. 

2. The total solubles must be determined by the evapora- 
tion of a measured quantity of the .solution previously 
filtered till optically clear, both by reflected and transmitted 
light. This is obtained when a bright object such as an 
electric light filament is distinctly visible through at least 
5 cm, thickness, and a layer of i cm. clec[) in a beaker placed 
on a black glass or black glazed paper appears dark and free 
from opalescence when viewed from above. Any necessary 
mode of filtration may be employed, but if such filtration 
causes appreciable loss when applied to a clear solution, a 
correction must be determined and applied as described in 
paragraph 6. 

Filtration shall take place between the temperatures of 
15“ C. and 20" C. Evaporation to dryness shall take place 
between 98.5" C, and too" C. in .shallow, flat-bottomed basins, 
which shall afterwards be dried until constant at the same 
temperature, and cooled before weighing for not less than 
twenty minutes in air-tight desiccators over dry calcium 
chloride. 

3. The total solids must be detennined by drying a 
weighed portion of the matciial, or a measured portion of 
its uniform turbid solution, at a temperature between 98.5 ' (’. 
and 100’ C. in shallow, flat-bottomed basins, which shall 
aftcrwartls be dried until constant weight at the same 
tein[)erature, and cooled before weighing for not less than 
twenty minutes in air-tiglit desiccators over dry calcium 
chloride. 

“Moisture” is the difference between 100 ami the per- 
centage of total solids, and “ imsoluble” the difference between 
“total solids” and “total solubles.” 

4. Non-l'aiinins . — The solution must be detanuised by 
shaking with chromed hide powder till no turbidity or 
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opalescence can be produced in the clear solution by salt- 
gelatine solution, The chromed powder must be added in 
one quantity equal to 6.0-6.5 gm. of dry hide powder per 
100 c.c. of the tanning solution, and must contain not less 
than 0.2 per cent, and not more than i per cent, of chromium 
calculated on the dry weight, and must be so washed that 
in a blank experiment with distilled water, not more than 
S mg. of solid residue shall be left on evaporation of 100 c.c. 
All water contained in the powder should be determined and 
allowed for as water of dilution. 

5. Preparation of Infusion . — Such a quantity of material 
shall be employed as to give a solution containing as nearly 
as possible 4 gm. of tanning matter per litre, and not less 
than 3.5 or more than 4.5 gm. Liquid extracts shall be 
weighed in a basin or beaker and washed with boiling water 
into a litre flask, filled up to the mark with boiling water, 
and well mixed and rapidly cooled to a temperature of 
17.5" C., after which it .shall be accurately made up to the 
mark, again well mixed, and filtration at once [iroceeded 
with. Sumac and myrabolam extracts should be di.ssolvcd 
at a lower temperature. 

Solid extracts shall be dissolved by .stirring in a Ijcaker 
with successive quantities of boiling water, the dissolved 
portions being poured into a litre (lask, and the undissolved 
being allowed to settle and treated with further portions of 
boiling water. After the whole of the soluble matter is 
dissolved, the solution 'is treated similarly to that of a li(|uid 
extract. 

Solid tanning materials, [)revinusly ground till they will 
pass through a sieve of sixteen meshes ))er sejnare centimetre, 
are extracted in Koch’s or Procter’s extractor with 500 c.c, 
of water at a temperature not exceeding 50 (1. ; the extraction 
is then continued with boiling water till the filtrate amounts 
to I litre. It is desirable to allow the material lo soak foi- 
some hours before commencing the percolation, which should 
uccujjy not less than three hours, so as to exti'act the 
maximum of tannin. Any remaining solubles in the material 
must be neglected or reported separately as ‘‘difficultly 
soluble ” substances. 
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The volume of liquid in the flask must, after cooling, be 
accurately made up to i litre. 

6, Filtratioti . — The infusion shall be filtered till optically 
clear {vide 2). No correction for ab.sorption is needed for 
the Berkefeld candle, or for S. and S. 590 paper ^ if a 
sufficient quantity (250-300 c.c.) is rejected before measuring 
the quantity for evaporation, and the solution may be passed 
through repeatedly to obtain a clear filtrate. 

If other methods of filtration are employed, the average 
correction necessary must be determined in the following 
manner: — About 500 c.c. of the same or a similar tanning 
solution is filtered perfectly clear, and after thorough mixing 
SO c.c. is evaporated to det'ermine “Total Soluble A.’’ A 
further portion is now filtered in the exact method for which 
the correction is required (time of contact and volume rejected 
being kept as constant as possible), and 50 c.c. is evaporated 
to determine “Total Soluble B.” The difference between 
“ A ” and “ B ” is the correction sought, which must be added 
to the weight of the total solubles found in analysis. An 
alternative method of determining correction, which is equally 
accurate and often more convenient, is to filter a portion of 
the tanning solution through the Berkefeld candle till 
optically clear, which can be generally accomplished by 
rejecting 300 or 400 c.c., and returning the remaining filtrate 
repeatedly ; and at the same lime to evaporate 50 c.c. of the 
clear filtrate obtained by the method for whicli correction 
is required, when the difference between the residue.s will 
be the correction sought. An average correction must be 
obtained from at least five determinations. It will be found 
that this is approximately constant for all mati'rials, and 
amounts in the case of S. and S. 605, 1 50 c.c. being rejected, 
to about 0.005 gm., and where 2 gm. of kaolin ;ire emploj’ed 
in addition to 0.0075 kaf)lin must be [)reviou.sl)' 

washed with 75 c.c. of the same liiiuor, whieh is allowed to 
stand fifteen minutes and then poured off. Paper 605 has 
a special absorption for a yellow colouring matter ollcn 
contained in sulphited extracts. 

■ Schleicher and Schull, IDuren (Rheinland), (iennaii)’. 


6 
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7, Hide powder shall be of a woolly texture, thoroughly 
dclimed, preferably with hydrochloric acid. It shall not 
I'equire more than S c.c. or less than 2,5 c.c, of decinormal 
NaOH or KOH to produce a permanent pink colour with 
phenolphthalein on 6.5 gm. of the dry powder suspended in 
water. If the acidity does not fall within the.se limits it must 
be corrected by soaking the powder before chroming for 
twenty minutes in ten to twelve times its weight of water, 
to which the requisite calculated quantity of standard alkali 
or acid has been added. Tlic hide powder must not swell in 
chroming to such an c.xtent as to render difficult the necessary 
squeezing to 70-75 per cent, of water, and must be suffieiently 
free from soluble organic matteh to render it possible in the 
ordinary washing to reduce the total solubles in a blank 
experiment with distilled water below 0,005 Kiii' por 100 c.c. 
The powder, when sent out from the maker, shall not contain 
more than 12 per cent, of moisture, and shall l)e sent out 
in air-tight tins. 

The detannisation shall be carried out in the following 
manner : — 

The moisture in the air-dried powder is determined, and 
the quantity equal to 6.5 gm. actual dry powder is calculated, 
which will be practically con.stant if the jaavder be kept in 
an air-tight ve.s.sel. Any multiple of this ciuantily is taken 
according to the number of anal)'ses to be made, and wi;t 
back with approximately ten times its weight of distilled 
water. Two grammes per 100 of dry [xnvder of crystallised 
chromic chloride, CrCl,,,6aq., is now dissolved in water and 
maile basic with 0.6 gm. of Na./JO,, by the gradual addition 
of 11.25 c.c. of normal Nad X).,, thus making the salt corre- 
spond to the formula Crdfl/ 0 1 1 ),,, In laboratories wbere 
analyses are continually being made, it is more convenient 
to emi)loy a 10 [)cr cent, stock solution, nuule b)' dissolving 
100 gin, of CrT'l„.6aq. in a little distilled water in a litre 
flask and very slowly adding a solution containing 30 gin. 
of anhydrous sodium carbonate, with constant stirring, finally 
making up to the mark with distilled water and well mixing. 
Of this solution 20 c.c. per 100 gm., or 1.3 c.c. per 6.5 gm. of 
dry powder, should be u.sed. This solution is added to the 
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powder, and the whole churned for one hour. At the end 
of the one hour the powder is squeezed in linen to free it 
as far as possible from the residual liquor, and washed and 
squeezed repeatedly with distilled water, until, on adding to 
50 c.c. of the filtrate one drop of 10 per cent. K.^GrO.i and 
four drops of decinormal silver nitrate, a brick-red colour 
appears. Four or five squeezings are usually sufficient, 
Such a filtrate cannot contain more than 0.001 gm, of NaCil 
in 50 c.c. 

The powder is then squeezed to contain 70-75 per cent, 
of water, and the whole weighed. The quantity Q containing 

6.5 gm, dry hide is thus found, weighed out, and added 
immediately to lOO c.c. of the unfiltered tannin infusion along 
with (26,5-Q) of distilled water. The whole is corked up and 
agitated for fifteen minutes in a I'Otating bottle at not less 
than 60 revs, per minute. It is then squeezed tlirough linen, 
the fitrate stirred and filtered through a folded filter of 
sufficient size to hold the entire filtrate, returning till clear. 
Sixty c.c. of the filtrate is then evaporated and calculated as 
50 c.c., or the residue of 50 c.c. multiplied by 6/5. The 
non-tannin filtrate mu.st give no turbidity with a diajp of a 
solution of I per cent, gelatine and 10 per cent, common salt.' 

One gramme of kaolin, freed from all soluble matter, ma)’ 
be adfled to the filtrate, or it may be used by mixing it with 
the hide powder in the shaking bottle. 

The analysis of used licpiors and .S|jent tans shall be lu.'ide 
by the same methods as are empk)yed for fre.sh tanning 
materials; the liquors being diluted, are concentrated by 
boiling in vacuo, or in a vessel so clo.sed as to restrict access 
of .air, until the tanning matter is if pos.sibie between 3.5 and 

4.5 gm. per litre, but in no case beyond a conc(;nti:ition of 
10 gm. per litre of total solids, and the weight of hide powder 
used shall not be varied from 6.5 gm. 

The results shall be reported as sh(n\ai by the dii'ecL 
estimation, but it is desirable that in addition efforts shall 
be made, by determination of acids in the origin.al solution 

' It is cnnvenicnl for tecltiiic.al purposes to employ the commcrci.ally 
obtainable chromed hide powder as prepared, foi' instance, by the 
German Experimental .Station at Freiberg, Saxony. 



84 


SYNTHETIC TANNINS 


and in the non-tannin residue, to ascertain the amount of 
lactic and other non-volatile acids absorbed by the hide 
powder, and hence returned as “tanning matters.” 

In the case of tanning materials it must be clearly stated 
in the report whether the calculation is on the sample with 
moisture as received, or upon some arbitrarily as.sumcd 
percentage of water; and in that of liquors whether the 
percentage given refers to weight or to grammes per lOO c.c., 
and in both cases the specific gravity shall be rei)ortcd. 

All anal)eses reported must be the average result of 
duplicate determinations, which must agree in the case of 
liquid extracts within 0.6 per cent., and of solid extracts witliin 
1.5 per cent., or the analysis .shall be repeated until such 
agreement is obtained. 

All reports shall be marked : Analysed in accordance with 
the rule.s of the S.L.T.C. (I.A.L.T.C.) — when the analyses have 
been carried out according to the methotl described above. 

As has been repeatedly emi)hasiscd in this treatise, the 
synthetic tannins form a special class of substances, and the 
results obtained by either of the two hide-powder methods do 
not give figures which aic always comparable' to those of the 
natural tannins. An example of the ina|>plicability of the 
methods where .synthetic tannins are concerned is illustrated 
by the behaviour towards hide powder of them when partly 
neutrali.sed to varying degrees: commercial Neradol 1) of 
acidity i gm,= io c.c. N/io NaOll contains 33 per cent, 
tanning matters, completely neutralised Neradol I), which 
exerts no true tanning action on pell, still conlaiiis co per 
cent, tanning matter when analy.scd according to the Official 
Method ; a difference hence exists regarding the adsorption 
by hide powder of a tannin and the adsorption of the latter 
by hide. As, however, we arc unable to make a dislinction 
between these two different properties by using hide [lowder 
only, we are also unable to draw the factor into account. 

Another .source of error is the swelling innuence on hide 
powder by acids ; for in.stancc, an acid extract of vegetable 
tannins would show higher tannin contents in the anal)’sis 
than would the same extract when less acid. The free 
sulphonic acid, however, is the active principle in .synthetic 
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tannins, and since the latter always contain other acids (of 
organic and inorganic origin) devoid of tannoid character, 
a source of error is thus introduced, which we cannot eliminate 
by the present method of analysis. 

Of other methods of estimating the quality of a tanning 
material or tanning extract the determination of solubility, 
ash, colour, and weight-giving properties in addition to the 
firmness imparted to the leather by the particular material are 
of importance. As regards the synthetic tannins they arc as 
a rule very soluble and it will generally be found sufficient 
to subject them to the ordinary qualitative examination, 
The ash determination in synthetic tannins, on the other 
hand, is not of such value as in the case of natural tanning 
extracts. From their composition we know that synthetic 
tannins contain considerable quantities of mineral salts, the 
presence of some of which on the one hand emphasises their 
pickling effect, and that on the other hand the property of 
dissolving phlobaphencs exhibited by the synthetic tannins is 
closely connected with their salt contents. 

A colour determination of .s)'nthetic tannins is not of 
much importance, since synthetic tannins nearly always 
impart a white or light brown colour to the hiile. In those 
cases only where coloured decomposition products ap|:car 
as a result of intermediary reactions, may the former impart 
gre)'ish or dirty colorations of little beaut)- t<> the hiflc. d'his 
is easily ascertained by lightly tunning a [)elt. 

The determination of the weight anti solidity-giving 
properties is im[)ortant both for leathers tanned with vegetable 
tanning e.xtracts and for those treated with synthetic t.'innins, 
but the results obtained when using animaliscd cotton ai-e not 
directly convertible into figures retiuired for practical pur])oses. 
Comparative figures arc better obtained by actually tanning 
pieces of pelt on as practical a scale as is possible, and testing 
the weights and tensile strengths of the pieces as against 
those of the original pelts, whereby in the former case the 
yield (pelt ->lcather) is obtained. 

Its capability as a tanning agent may be ascertained by 
submitting the synthetic tannin to an actual test tannage. 
The latter is carried out by introducing the dilute extract 
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into open glass jars, holding about 400 c.c. at a width of about 
8 cm.i The concentration of the solution is chosen according 
to acidity and salt contents of the synthetic tannin, the most 
suitable being i.5‘’-2.5° Be, A piece of bated pelt is suspended 
in the liquor in such a way that the pelt is completely 
surrounded by liquor, without, however, being creased or 
touching the bottom. If the pelt were creased during tannage, 
the wrinkles would become fixed and would show in the 
finished leather. Thus an unfair judgment of the extract 
would be delivered, since similar results arc produced by 
liquors which arc either too concentrated or arc not properly 
composed, and naturally this property of an extract would 
be greatly to its disadvantage. 

The various stages of tannage may be judged from various 
standpoints when examining the [3clt as tannage proceeds. 
On the one hand, the surface of the hut slightly porous pelt 
is altered so as to present a more porous appearance, which 
is now rendered more capable of absorbing liquids. On the 
other hand, a similar alteration takes place ivifhin the pelt, 
to the extent to which the tanning matter has penetrated it. 
How far the penetration has proceeded is easily eletermined 
by utilising the different adsorption of coal-tar dyes by 
untanned and tanned i)elt (see j). 121). An indicator for 
those synthetic tannins, which are derived from the phenols, 
is ferric chloride, which onl)' colours tho.se parts of the |)clt 
which have been penetrated by the synthetic tannins ; clearer 
and better results are, however, obtained when the (l)’estu(Ts 
referred to above arc employed. 

As soon as the tanning matter has comidetely penetrated 
the pelt, the total time of tannage is noted, and the velocity 
with which the tanning matter converts the pelt into leather 
at that particular concentration is thus obtained. 'I'he tannage 
completed, the leather must be well washed in running water 
to remove excess of synthetic t.annin and then dried. On 
examining the dry leathers, the colour m;iy then be observed, 
and a cut will give an idea of the tensile strength and the 
length of fibre of the leather. The tensile strength is, 
however, not of much value in such a barely ttinned leather 

' Accumulator jars arc excellent for the purpose.— '/'rrtW. 
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and cannot be compared with that obtained in leathers tanned 
on a practical scale. The length of fibre i.s, however, of some 
importance, .since a special feature of fini.shed leathers tanned 
with synthetic tannins is the beautifully long fibre — a property 
which manifests itself when the leather is torn and in which 
an expression of the quality of the synthetic tannin may be 
found. 

Similarly, tanning experiments combining synthetic anrl 
natural tannins may be carried out, the most interesting 
features of these being the different proportions in which the 
two products are mixed. Such experiments may be done, for 
instance, by preparing 2” BE solutions of each extract and 
then mixing them in proportions of, say, 10 ; 90, 20 ; 80, 30 : 70, 
etc. Here it is again possible to infer the intensity of 

the synthetic tannin from the concentration and the time used 
for tannage. 

A further determination of the quality of a synthetic 
tannin is the capability of the latter of dissolving or i)re- 
cipitating the natural tannins. As is well known, synthetic 
tannins frequently possess the practically imirortjuit property 
of rendering natural tannins easily soluble in water. In some 
cases, however, synthetic tannins appear to solubilise natural 
tannins in concentrated solutions ; when, however, the latter 
are diluted, the natural tannin is i)recipitated with var)'ing 
completeness, the reason of which is often the prescmce of 
excessive acid or the presence of such s.dts as have no 
phlnba[jhene-.solubilising |)roperlies. 

h'or practical purposes this detennination may be eai ricd 
out by mixing, in different proportions, concentrated tannin 
solutions and the synthetic tannin ; heating the mixture on 
the water hath for a short time, cooling and finally diluting 
10, 20, and 30 gm. of the mixture to 100 c.c., which are then 
left in measuring cylinders for twelve to twentv-fonr hours ; 
the amount deposited will then be an indication of the 
solubilising oi' preci[)itating effect exhibited by the synthetic 
tannin. 

Other properties of the .synthetic tannin.s connected with 
their practical ap[)lication will be discussed in kart II. of this 
treatise. 
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SYNTHETIC TANNINS: THEIR INDUSTRIAL 
PRODUCTION AND APPLICATION 


With regard to their industrial production^ but few synthetic 
tannins are, to-day, of practical and commercial interest. In 
addition to simplicity in the method of manufacture a certain 
degree of purity of the raw materials constitutes the criterion 
of their suitability. The methods of manufacture, of which 
nearly all are the property of the B.A.S.F., have been so 
worked out that the production of synthetic tannins presents 
no difficulties on a practical scale. Cresols, naphlhalene.s, and 
higher hydrocarbons are used as starting materials in the 
production of .synthetic tannins ; the former substances or 
their oxidation products are sulphonated by means of con- 
centrated sulphuric acid, and the tanning matter produced 
by condensing the sulphonic acids with formaldehyde. The 
crude synthetic tannin thus obtained has yet to be diluted 
and partly neutralised before it can be applied in practice, 
and this is carried out by mixing the crude product with 
strong caustic lye. By the.se means the high acidity is 
reduced to a suitable degree learned from e.xperience on the 
one hand ; on the other hand, the salts of the .sul[)honic 
acids form valuable components of the commercial sjuithetir 
tannins. 

The first product placed on the market was named 
Neradol D ; this represents the condensation product of 
crcsolsulphonic acid, The second S3/nthetic tannin was 
Neradol N, which reiiresents the condensation product of 
iiaphthalcnesulphonic acid ; when diluted and neuti'alised to 
the same e.xtent as is done in the case of Nerailol 1), the 
product is named Neradol ND. The latest synthetic tannin 
has been called Ordoval G, the starting material of which is 
a still higher hydrocarbon. 

The tannoid-chemical jrroperties of these synthetic tannins 
have been exhaustively determined by the author, who 
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employed Neradol D, which is most suitable for such a pur- 
pose, and the investigations relating to it will now be treated 
fully in the following chapters. The two other synthetic 
tannins exhibit very similar properties, but their few charac- 
teristics shall be shortly dealt with. 

The condensation product obtained by the method de- 
scribed on p. 55 forms a viscous, darh coloured mass, the 
analysis of which by the shake method gives the following 
figures : — 


Tanning matters 

- 

62.6 

Non tannins - 

- 

6.4 

In.solubles - 

- 

0,0 

Water 


- 3 i '0 


7 00.0 per cent. 

' Acidity ; i gra. = 40 c.c. N/io NaOH. 

According to its chemical constitution, this product may 
be considered to be dinaphthylmethancdisulphonic acid. 

Samples of this crude, strongly acid material were partly 
neutralised, and the following figures obtained on analysis: — 




Acidily. 
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31.6 
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1 
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26.3 
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Experimental tanning tests which were carried out with 
the various partly neutralised samples yielded leathers which, 
on an average, were nearly white, but which in com[)arison 
with a leather tanned with Neradol D appeared rather more 
greydsh and were much harder. 
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A solution of the half-neutralised substance (i gm. = 20 c.c. 
N/io NaOH) gives the following reactions: — 

Gelatine - - . _ Precipitate, partly soluble in 

excess tannin solution. 

Ferric chloride - - - No coloration. 

Barium chloride - - - Precipitate, insoluble I-INOjj. 

Bromine water ■ - - No reaction. 

Silver nitrate - - - No reaction. 

Aniline hydrochloride - - Precipitate, dissolves when solu- 

tion is heated. 


This condensation product is very soluble in water, but 
insoluble in most solvents, excepting methyl and ethyl 
alcohols. The above reactions show the .similarity of this 
dinaphthyl derivative to 'the dicresyl derivative, and the 
absence in the former of characteristic reactions with iron 
salts is mainly accounted for by its lack of phenolic groups. 
The ab.sence of this reaction does not, of course, influence the 
tannoid character of dinaphthylmelhaneclisulphonic acid in 
the least, and is of no importance in practice, since the various 
stages of tannage may be demonstrated by means of a solu- 
tion of incligotinc (see p. 121). 

From a technical point of view the ab.sence of this reaction 
is advantageous to this extent, that it eliminates the cxceed- 
ingly great care to avoid the contact of tan liquors and tanned 
pelt with iron particles which has to be observed when tannins 
of phenolic character arc cm[)loyed. 

In a chemical and technological evaluation of this tanning 
matter, all those details apply which will be described when 
di.sciissing Neradol D. The most im|)orlunt advantage pos- 
sessed by this tanning matter, from a commercial [xiint of 
view, is the lower indce which it owes to the greater ease with 
which naphthalene may be obtained. 

By treating the non-condensed crude proilucl with barium 
chloride, a product coirurlclely devoid of sulphuric acid is 
easily obtained ; the contents of sulphuric acid calculated as 
BaSO,, is about 9.5 per cent. 'J'his value is higher than that 
found by Neradol D, and may be cx[)lained by the fact that 
a slight excess of sulphuric acid is necessary for the preijara- 
tion of /d-na[)hthalencsulphonic acid. 
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Comparative tanning tests using products containing sul- 
phuric acid and products free from sulphuric acid (neutralised 
to the same degree of acidity) yielded leathers which were 
very similar; the liquor containing no sulphates yielded 
slightly softer leather than that obtained from a liquor con- 
taining sulphates. 

An experiment was also carried out, using a liquor 
containing the tannin completely neutralised with caustic 
soda and subsequently acidified with acetic acid till the 
acidity of i gm. = lO c.c N/io NaOH ; here, again, no essential 
difference could be detected in the leather as compared with 
that from a liquor containing sulphates. 

One of the most striking properties of this tanning matter 
is its solubilising effect on natural tannins and the phloba- 
phenes ; this property may mainly be compared to the similar 
one of other condensed sulphonic acids in their behaviour 
towards natural tannins. 

If, therefore, natural tannins are mixed with this |)roduct 
and the solution used for tanning purposes, the resultant 
leather will possess a dark colour owing to the presence of 
solubilised phlobaphenes ; if, on the other hand, a dark 
coloured leather, which has been tanned with natural tannins, 
is w'ashcd over with a 5" Bd. solution of this synthetic tannin, 
or immer.sed for .some time in the solution, the leather assumes 
a lighter colour owing to the phlobaphenes being dissolved 
and removed from the leather by the s)'nthetic tannin. 

The presence of Neradol ND in leathers is detected b)' 
methods to be described under Neradol 1 ) {cf. p. 108). 'flu; 
oxyazo reaction only succeeds when the solution has Lieen 
boiled with a few drops of hy[)ochlorite solution, iiuiekl}- 
cooled and excess of ammonia added. When api)l)-ing the 
indophcnol reaction, the solution must be treated as follows : 
3-4 dro[)s of hypochlorite .solution is added, ;md the solution 
heated for a short time ; or 5-6 drops hypochlorite solution 
may be added, and the .solution left for some time, in which 
case the heating may be omitted. The solution is then m;ide 
distinctly ammoniacal, 1-2 drops of dimcthyl-/-phen3'lencdi- 
amine solution and a layer of alcohol poured on the tO|). In 
most cases a blue coloration will tippcar ; the addition of 1-2 
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drops of potassium ferricyanide solution with formation of a 
blue coloration indicates the presence of Neradol ND without 
fail. 

The fact that a product possessing tanning properties 
may be obtained by condensing ^-naphthalenesulphonic acid 
makes it interesting to investigate the behaviour of a non- 
condensed /S-naphthalenesulphonic acid towards pelt. The 
following solutions were allowed to act upon pelt for twelve 
days : — 

(1) Concentrated solution of a-naplithalenesulphonic acid (10° Be.). 

(2) n / 3 - .. .. W Be.) 

(3) )> 11 2, 7 " j) )> Be.). 

Solution I swells the pelt to a considerable extent with- 
out, however, solubilising it. Solution 2 produces a similar 
effect. Solution 3 dissolves the pelt appreciably on the first 
day ; after six days, solubilisation is complete. The reason 
of this different behaviour of the mono- and disulphonic acids 
is mainly to be sought in their difference of solubility ; the 
monosulphonic acids are not very soluble, and are only 
capable of giving solutions measuring 10' and 6" Be. respec- 
tively, whereas the disulphonic acid yields an 18" Be. solution, 
in addition to which the much higher acidity of the latter 
(juickly gelatinises the (Jclt. 

As regards the c.apability of the naphthalcnesulphonic 
acids f)f dissolving plilobaphencs, the following results ^vere 
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It is hence clear that the /i-sulphonic acid possesses 
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phlobaphene-solubilising qualities greater than those of the 
a-sulphonic acid or the ciisulphonic acid ; the / 3 -sulphonic 
acid was therefore made the subject of Ger, Pat, 181,288 
(8th February 1917). 

The synthetic tannin, Ordoval G, is the formaldehyde con- 
densation product of higher hydrocarbons (mainly retenes), 
and is a partly neutralised product containing no sulphuric 
acid. The author’s analysis gave the following figures ; — 


Tannini.; matters 
Soluble non-tannins - 
Insolubles - 
Water 


10.7 per cent. 
,, 

0,0 

73'0 


Acidity; i gm. = 4 c.c. N/io NaOM. 
Density: 23" Pc. 


Ordoval G is completely soluble in water and glacial 
acetic acid. Only its organic constituents are soluble in 
alcohol, ethyl acetate, and acetone, whereby a dark 
coloured ciystallinc mass separates. Ordoval G is insoluble 
in benzene. 

The aqueous solution of Ordoval G gives the following 
reactions : — 


Gelatine - - - - 

Ferric chloride 
Potassium dichroinate 
Aniline hydrochloride 
Formaldehyde hydrochloric acid - 
Bromine water 
Zinc acetate 
Barium chloride - 


Moderate (locculent preei[)itate. 
Darkish (-oloraiion. 

No reaction. 

Dark brown precipitate'. 

No preeii)itaie. 

No reaction. 

Very slight oi)alesceuce. 

Slight o[)alescen!'e. 


Its capability of solubilising and consetiuent saving of 
natural tannins is shown by the fact th:it too kilos of 
vegetable tanning material may be substituted by 40 kilos 
of Ordoval G and the material in question in order to obttiin 
the entire tanning intensity of the latter. 

In one respect — that of its salts — Ordoval G differs from 
the Neradols ; whereas the chromium and aluminium salts 
of the latter possess no such tannoid properties as will make 
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the resultant leather exhibit any of the characteristics of 
either tannage, it is possible to carry out combined tannage 
with a mixture of Orcloval G and metallic salts. Tanning 
experiments carried out with the chromium, iron, aluminium, 
and calcium salts of Orcloval G yielded leathers which pos- 
sessed proportionate characteristics of either kind of tannage 
to the extent to which either material was present. This 
combination tannage seems to be assured of a great future ; 
especially may a combination tannage of iron salts and 
Orcloval G eventually entirely replace chrome tannage, 

The detection of Orcloval G in leather is carried out as 
follows: 10 gm, of leather are boiled with 150 c.c, of acetic 
acid, a solution of 25 gm, of CrOg in 25 c.c, of a 50 per cent, 
solution of acetic acid gradually added, and the mixture 
boiled for three hours, till the leather is decomposed and 
the solution has assumed a brown instead of the original 
light yellow colour. The solution is then evaporated, the 
residue dissolved in 600 c.c. hot water, and the chromium 
precipitated with a 40" Be. solution of caustic soda. The 
solution is filtered and cooled, and a little hydrosulphite is 
added to 20 c.c, of the cold alkaline filtrate ; in the presence 
of Orcloval G, a red colour will appear (oxanthranolsulphonic 
acid). 

Brief mention must be made of the so-called Corinal^ ;i 
synthetic tannin placed upon the market by Ohem. Fabrik 
Worin.s A.-G,, in Worins-on -the- Rhine. It i.s a’ viscous, 
brown fluid, containing the aluminium salts of the tannoid 
acids. The hitter are formaldeh>-de-condcnsatii)n iirodiicls 
of sulphonated tar oils, or lire hj'droxylated derivatives of 
the latter. 'J'he density being 33" lie., it contains 28. i per 
cent, tanning matters, 13 [jer cent, .soluble non-tannins, and 
10.8 per cent, inorganic matter (3.3 per cent. and /.d 

per cent. Na.g.SO,;. 

A similar product, containing chrome salts as base, is 
the so-called Esco-Extract,- manufactured b)' the ('hem. 
I'kibrik Jucker & Co. in 1 laltingen (Baden). This [iroduct 
i.s a dark, reddish-brown fluid, possessing acid reaction, wliich 

' .Swiss I’iU., 78,282, 78,7(;7, 7<;,ijv. 

- Schoi loniiner, 1917, 12.J. 

7 
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strongly precipitates gelatine. Analysed by the filter method 
it contains 12-15 cent, tanning matters, 17-20 per cent, 
soluble non-tannins, and 18 per cent, ash, of which 3 per 
cent, is CfgOg. This synthetic tannin may be employed 
alone or in conjunction with other tannins, and yields a 
leather similar to that obtained by chrome tannage. 

A. Condensation of Free Phenolsulphonic Acid 

In practice, the results of condensing phenolsulphonic 
acid with formaldehyde are manifold, according to whether 
these materials are used in their concentrated or dilute 
state ; whether they interact in the cold or when heated ; 
or whether their interaction is gradual or rapid. 

1. If a moderately dilute solution of phenolsulphonic 
acid (i ; i) is mixed with one-sixth of its volume of a dilute 
formaldehyde solution (i part 30 per cent. HCHO solution 
plus 3 parts of water) in the cold, with continuous stirring, 
the solution remains clear and assumes a brown colour. 
When left several hours, a light, while flocculcnt precipi- 
tate deposits, which increa.ses in quantity on diluting with 
water. The .solution precipitates gelatine ; the flocculcnt 
precipitate is easily .soluble in hot caustic soda solution, 
and, when subsc(]uenlly neutralised with acetic acid, pre- 
cipitates gelatine. 

If equal parts of dilute ijhenolsuljihonic acid and dilute 
formaldehyde (concentration.s as above) arc grailually mi.xcd 
in the cold, whilst stirring, the mixture soon becomes 
opalescent, and a lloccuient deposit sej)aralcs after eighteen 
to twenty-four hours. 

These experiments carried out on the water bath imme- 
diately yield opalescent liquids, from which an insoluble, 
brown, gluey, and very sticky mass se|iarates after twenty- 
four hours ; the latter is sparingly soluble in alkalies, partly 
so in organic solvents. 

2. If a moderately dilute solution of phenolsulphonic 
acid (l : i) is gradually mixed with one-sixth of its volume 
of a concentrated (30 per cent.) formaldehyde solution in 
the cold, whikst .stirring, slight opalescence immediately 
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results, and a flocculent deposit separates after about twenty 
minutes, which gradually increases in quantity during the 
next few hours. If the volume of formaldehyde is increased 
to the same as that of phenolsulphonic acid solution, the 
flocculent deposit immediately separates, and after twenty- 
four hours a brown, gluey, and very sticky mass — of the 
same solubility as that described in the previous experi- 
ment — is to be found at the bottom of the vessel used. 

It should be noted that in both these experiments with 
concentrated formaldehyde solution a slight increase in tem- 
perature occurs concurrently with the process of condensa- 
tion. If the experiments are- carried out on the water bath, 
a gelatinous mass is instantly formed, which assumes the 
colours of grej', dirty light violet and dark violet, in the 
order named, and which, whilst left several hours — or when 
heated on the water bath — is suddenly converted into the 
insoluble, brown, gluey mass above referred to. 

3. If, for the purpose of condensation, phenolsulphonic 
acid to which 10 per cent, of water has been added, is 
employed, the reaction proceeds very quickly and energeti- 
cally. If one-sixth of its volume of formaldehj’clc (i ; j of 
the 30 per cent, solution) is added drop by drojj to a cold 
solution of phenolsulphonic acid, a reddish, milky solution 
results, which assumes a slightly lighter colour on addition 
of more formaldehyde and deposits an insoluble lloccu- 
Icnt precipitate. If the solution is kept below 45' C'., 
by artificial cooling, the light colour is maintained, but a 
gelatinous prcci[)itatc is soon formed, the viscosit)' of wdiich 
increases on stirring, and finally is cuiivcrtcd into an insoluble, 
tough, gummy mass. If, on the other hand, the mass is 
heated at the lieginiiing of the reaction, or if the amount of 
formaldehyde is increased and the mass cooled during reaction, 
effervescence occurs, and a chec.sv, dirty-coloured mass residls, 
which, on cooling, rapidly becomes solid and )’ields a very 
firm, elastic, rubbery mass, which is absolutely insoluble in 
water. 

4. I'lie coiulensatiou proceeds exceedingly violently when 
concentrated phenolsulphonic acid is acted upon by one-sixth 
of its volume of formaldehyde. If the latter is firstly added 
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drop by drop to the phenolsulphonic acid, a gel immediately 
results, the temperature of which quickly increases on further 
addition of formaldehyde and suddenly boils over, yielding 
a reaction product which, when cooled, forms a dirty violet, 
firm, elastic, and rubbery mass, insoluble in alkalies and 
hardly affected by organic solvents. 

Finally, if the amounts of concentrated phenolsulphonic 
acid and formaldehyde stated above are mixed, strong 
effervescence occurs and heat is evolved, and a dirty blackish- 
violet mass is instantly formed which, on cooling, yields a 
rather brittle, hard product insoluble in water. 

5. Totally different end-products are, however, obtained 
when the addition of formaldehyde (30 per cent.) in the 
proportion of one-sixth of the volume of dilute phcnol- 
sulphonic acid ( I plus 9 aep) to the latter is extended over 
several hours. In this case a slightly opalescent liquid is 
obtained which, when left twelve hours, is transformed into 
a brown mass soluble in water, which strongly precipitates 
gelatine and possesses tanning properties. Hence direct 
tannoid substances are obtained by this method of con- 
densation. 

Whereas no direct tanning experiment can be carried out 
with the insoluble compact mass obtained in the preparations 
de.scribed above on account of their ab.solute insolubility, it is 
still po.ssible to carry out tanning experiments with ojralesccnt 
colloidal solutions in the following ways : — 

(n) If a bated pelt is immcr.sed in a li(]uid containing 
a condensation product obtained by gradually mixing a 
moderately dilute .solution of phenolsulphonic acid and a 
dilute solution of funnaldehyde, the pelt is rapidly tanned 
on the surface. Complete penetration of the substance docs 
not occur even after several days, since the strong acidity of 
the solution cau.scs a strong swelling of the pelt. 

(/^) If a pelt is shaken for six hours in a shaking apparatus 
containing the liquid mentioned under («), tannage again only 
takes place on the surface, penetration being impeded by the 
■strong swelling effect of the liquid. Repetition of the latter 
two experiments, with the addition of 15 per cent, common 
salt, increases the tanning effect to some extent ; the pelt, 
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however, is not tanned through, but the non-tanned layers 
may be clearly seen to be pickled. 

The tanning effects described above are only exhibited 
when the colloidal tan-liquor is present in great excess over 
the pelt, since the former obviously only contains small 
amounts of tanning matter, and even the presence of common 
salt does not bring about complete tannage of the pelt. 

In order to prove the presence of “tanning matters” in 
the liquid described above, several freshly prepared samples 
of the latter were analysed by the shake method of analysis 
without being first filtered and the following figures obtained : — 



1. 

2. 

3 - 

4 - 

Tanning matters 

Pei- Cent. 
6.4 

Per Cent. 
7'7 

Per Cent. 
8.2 

Per Cent. 
9.1 

Soluble non-tannins - 

16.2 

17-4 

1 

i.p 5 

I 1.8 


These condensation products suspended in water all 
precipitate gelatine strongly and leave behind a perfectly 
clear liquid. In all cases, an intense blue colour was obtained 
on adding ferric chloride, a slight precipitate only was obtained 
with aniline hydrochloride, and bromine was rapidly absorbed 
with the separation of an insoluble while tleposit. 

The condensation products obtained by tlic interaction of 
dilute solutions of phcnolsulphonic acid and fnrmaldeh>'de at 
moderately high temperature, which form slimy masses and 
are in.soluble in water, are soluble in alcohol. An alcoholic 
solution of such a product was used in a tanning exqicrimcnt, 
and a piece of pelt immersed in the solution was tanned 
through in a few days ; the resultant leather being rather firm, 
springy, and slightly hard, and the colour was a light brownish- 
grc>'. 

All those condensation products which are easily or partly 
soluble in alcohol dissolve in caustic .soda, sodium carbonate, 
in some cases also in borax and .sodium sul[fiiitc. They are 
rendered soluble with greater ease when the freshly prepared 
solution is heated on the water bath with the alkali ; the 
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alkaline solution, neutralised as far as is possible with acetic 
acid, yields light brown coloured solutions, the tanning effects 
of which have proved very satisfactory. Leathers tanned in 
such solutions, however, arc rather empty and hard, posses.s 
but little resilience and an uneven, dirty greyish-brown 
colour. 

A sample of such a product, as nearly a.s possible neutralised 
with acetic acid, contained 14.8 per cent, tanning matters, by 
the shake method of analysis. 

B. Condensation of Partly Neutralised 
Phenolsulphonic Acid 

Attempts were made at condensing partly neutralised 
phenolsulphonic acid ; the latter was obtained by mixing 
equal quantities of phenolsulphonic acid and sodium phenol- 
sulphonate (prepared by exactly neutralising phenolsulphonic 
acid with a concentrated solution of caustic soda). 

The consequent dilution and decrease in acidity, however, 
considerably diminished the velocity of the reaction. I-Ience, 
if the half-neutrali.sed Solution Ai {cf. p. 98) is diluted with 
water, taking equal volumes, and one-sixth of the volume 
of dilute formaldehyde (i : 3) gradually added in the cold, 
condensation is not induced. When heated several hours 
an opalescent liquid results from which, however, no 
flocculent deposits separate when left for some time. Using 
a concentrated solution of formaldehyde (Experiment A2, 
p. 98) in the cold produces no reaction, but after heating for 
a time an opalescent liquid is obtained. Iloth liquids give 
only slight precipitates with gelatine. Excess formaldehyde 
does not influence the reaction. 

A repetition of Ifxperiment A3 {cf. p. 99), using the above 
half-neutralised phenolsulphonic acid, similarly required heat 
to induce condensation, when a milky liquid of light reddish 
colour resulted. 

Whereas the addition of formaldehyde to non neiitimli.scd 
concentrated phenolsulphonic acid caused violent reaction, 
this proceeded very slowly in the case of half-neutralised 
phenolsulphonic acid, resulting in the formation of a semi- 
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solid mass, which on heating became more viscous, and finally, 
when left twenty-four hours, became a solid, compact, insoluble 
mass possessing a dirty light violet colour. 

Tanning experiments with these opalescent solutions 
proved them to exert a rapid penetration on the surface, 
complete tannage, however, taking place after eight days 
only, when a flat, greyish-coloured and rather hard leather 
resulted. 

C. Condensation of Completely Neutralised 
Phenolsulphonic Acid 

If concentrated phenolsulphonic acid is gradually neutral- 
ised with concentrated caustic soda solution till the former is 
faintly alkaline, the sodium salt thus obtained is not so easily 
condensed with formaldehyde as is the case with the free 
acid. 

1. If formaldehyde is gradually added to the neutralised 
phenolsulphonic acid in the cold, opalescence immediately 
results ; on addition of watei-, the liquid assumes a milky 
appearance. On adding gelatine to this liquid, a slimy 
precipitate is thrown down, leaving a slightly opalescent 
liquid. 

2. If formaldehyde is added to neutralised i-)hcnolsu![>honic 
acid whilst it is heated on the water bath, a slimy mass 
instantly sejiaratcs, which on cooling .solidifies and forms a 
greyish-blue brittle mass, insoluble in water and but sparingly 
soluble in alcohol ; the alcoholic solution is capable tif con- 
verting pelt into leather. 

The filtrate from the solidified mass strongly precipitates 
gelatine, whereas the insoluble condensation product is soluble 
in caustic soda ; this alkaline solution also precipitates 
gelatine and the addition of acetic acid transforms the 
mixture into the gel slate. 

If the insoluble condensation product is dissolved in warm 
concentrated sulphuric acid, the solution remains clear iqmn 
the addition of water, but docs not precipitate gelatine. If, 
finally, this solution is neutralised with caustic soda, the 
solution remains clear and precipitates gelatine strongly. 
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D. Condensation of Cresolsulphonic Acid 

Experiments were carried out with the object of con- 
densing 0-, m-, and /-cresolsulphonic acids with formaldehyde 
in various ways ; no essential differences could be detected 
as regards the mode of reaction or the properties of the 
intermediary and end-products as compared to those of 
phcnolsulphonic acid. Similarly, condensation of different 
samples of crude cresol containing varying quantities of o-, 

and /-cresol did not yield end-products sufficiently 
different to justify describing them in detail. 

E, Relative Behaviour of an Alkaline Solution of 

Bakelite and Natural Tannins 

Phenolsulphonic acid was condensed with a little formalde- 
hyde, and the reddish pasty condensation product dissolved 
in caustic soda. This alkaline solution of bakelite was 
exactly neutrali.sed with acetic acid and mi.xed with strong 
solutions of an untreated quebracho extract. It was observed 
that the solubility of the quebracho extract was not increased 
by this treatment, but the faintly acidic character of the 
natural tannin caused the bakelite to be thrown down as an 
insoluble precipitate. 

Crude phcnolsulphonic acid, when added to a solution of 
the quebracho extract referred to, docs not increase the 
solubility of the latter, which even deposits considerable 
amounts of insoluble tannin particles. 

Quite different properties arc exhibited by sodium [)henol- 
sul[)honatc, which completely converts quebracho tannin into 
a water-soluble substance, the .'ujueous solution of which 
deposits no insolubles. 'I'lic partly neutralised condensation 
product of phcnolsulphonic acid and rormald('h)’flc exhibits 
similar properties ' (see laterj. 

F. Dicresylmethanedisulphonic Acid (Neradol D)" 

Ncradol D is a viscous liquid, measuring about 33" Be., 
which is similar to extracts of natural tannins. One of 

' (■.r.'isscr, Collegiuiii, i(;i3, 521, 478. 

- (ler. I’al., 291,457; Austr. I’al., ('>1,057. 
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its characteristics is its phenolic odour ; it is completely 
soluble in water, forming a clear, semi-colloidal solution, but 
is insoluble in all organic solvents with the exception of 
alcohol, glacial acetic acid and ethyl acetate, which dissolve 
all but its inorganic constituents. The latter owe their 
presence to the neutralisation of the crude Neradol with caustic 
soda, and are composed of sodium salts of the sulphonic acid 
in addition to Glauber salts. 

The aqueous solution of Neradol D shows properties 
similar to those exhibited by solutions of natural tannins and 
reacts as follows ; — ^ 

Methyl orange - ■ - Acid reaction. 

Barium chloride - - - White precipitate, insoluble in 

' HNOg. 

Ferric chloride - - - Deep blue coloration. 

Silver nitrate - - - Slight opalescence, 

Bromine water - - - No precipitate. 

Formaldehyde hydrochloric acid - No precipitate. 

Gelatine - . - - Complete precipitation. 

Aniline hydrochloride - - Strong precipitate. 

The reactions with ferric chloride and gelatine should be 
especially noted, since they are analogous to those given by 
natural tannins. On the other hand, the reactions with BaClo, 
bromine water and formaldehy'de hy'drochloric ■■ acid prove 
the different chemical composition of Neradol D as compared 
to that of the natural tannins. 

The fact that a positive reaction is given with aniline 
hydrochloride ■* is very puzzling; none of the natural tannins 
' (a'asser, Cfll/i'oiinn, 1913, 520,413. 

- .Siiasny carrios out the reaction with formaldchydc-hydrocliloi ic 
acid as follows : — 50 c.r. of the tannin solution, tilns 5 c.c. conci-ntrateil 
hydrochloric acid and 10 c.c. formaldehyde (40 per cent.) aie heated under 
rellu.'r condenser for ten minutes ; most naluial tannins are com[)lctcly 
precipitated {CoUci^iunt, 1906, 435 ; 1907, 52 et 1K8). 

' 'I'liis reaction is carried out as follows:— 5 c.c, of the tannin 
solution to be cx.miined (about 4 };m. tannmi; matter )rer litre) are 
shaken violently in a test tube with 0.5 c.c. aniline and 2 c.c, con- 
r entrated HCl added. All natural tannins are imafferted by this 
treatment, ligninsulphonic and other sulphonic acids cause opalescence. 
Note . — Employing formic acid in lieu of hydrochloric acid (Knowle.s) 
renders the reaction no more reliable. — Tranit. 
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fU'e precipitated by this reagent, but only sulphite cellulose 
on account of its content of ligninsulphonic acid. One is 
justified in assuming that there is at least some connection 
between the constitution of ligninsulphonic acid and that of 
dicresylmethancdisulphonic acid. 

Stiasny^ recommends the following reaction for the 
detection of and differentiation between Ncradol D and wood 
pul |3 extract: — lo c.c. of a 5 per cent, solution of the extract 
to be analysed are violently shaken with 1-2 drops of a 
I per cent, alum .solution and about S gm. of ammonium 
acetate. If only Neradol D is present no precipitate separates 
even after twenty-four hours, but if wood pulp be present, 
a precipitate is thrown down in a quantity corresponding to 
the amount of wood pulp present. 

The official analysis gives the following figures ; — ^ 


Tanning matters 
.Soluble non-lannins - 
In-solublcs - 
\Viiter 


32.5 per cent. 
33'0 
0.0 „ 

34’5 .. 


100.0 per cent. 

Ash - - - - 17.0 ,, 

Acidity ; i gm.= lo c.c. N/io NaOH. 

Density; 33“ Be. 

A comparison of its quantitative analysis to that of a 
natural tanning extract is illustrated by the following figures 
of a chestnut and a quebracho extract of same density 
(26" BA) 




ChesliuU. 

(^UcblJlclK 



I’er Cent. 

Pl't Cent 

'J'anning matters 


32.0 

3 ‘i‘O 

Soluble non-tannins 


I 2.0 

8.0 

Insolubles 


i-S 

2.0 

IVater - 

- 

S 4.5 

56,0 



100.0 

1 00.0 

Ash 

- 

0.4 

2.0 


' Collegium, 1913, 5:6, 142, 
“ Crasser, he. cit. 
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This comparison shows that extracts of natural tannins 
firstly contain certain amounts of “insolubles,” whereas 
Neradol is completely soluble in water, forming a clear solu- 
tion ; secondly, natural tanning extracts contain smaller 
quantities of soluble non-tannins, consisting of colouring 
matter and sugars, in addition to small quantities of mineral 
matters (ash), Neradol D contains considerable amounts of 
soluble non-tannins . derived from salts of sulphonic and 
sulphuric acids, again offering a satisfactory explanation of 
the high ash. If, therefore, a mixture of Neradol D and a 
natural tanning extract was submitted to a quantitative 
analysis, the higher non-tannins and the high ash would 
indicate the presence of Neradol D, provided that wood pulp 
or a highly sulphited extract were not components of the 
mixture. 

The chemical I'eactions taking place in the preparation of 
Neradol D may be expressed thus : — 


M 


Oil; !OH 

/Mil p M'/\ 


H 


H.SO., 


CHa 

cn„ II.,C 


I-I 


OH 

iiA- 


-CH..- 


\/ 

I-ISO,, 


H 


11 


OH 
/\h 


\/ 

HSO3 


Cl I;, 


H.SO;, 


II 


I. Neradol D Reactions 

I. The quantitative determination of phenols introduced 
by Rader,' which consists in precipitating them as o.xyazo 
compound.s, has been modified by Appelius and .Schmidt" for 
the purpose of detecting Neradol D : — To 50 c.c. of the tannin 
solution (analytical strength) 15 c.c. of diazo solution are 
.added, the ini.xturc filtered, if necessary, and the filtrate made 
alkaline with caustic soda; in the presence of Neradol D in 
sufficient quantity, a blood-red coloration results. If but little 
Neradol D be ]n'cscnt, the procedure is altered as follows : — 
The tannin solution, to which the diazo solution has been 
added, is filtered, and the filtrate [lOured on a piece of filter 
paper which is then dried ; a .solution of caustic soda is 

' />’«//. soc. siic/if., Jiucare.xi, i8gg, 8, 51. 

- Collegium, 1914 , 597 - 
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spotted on the paper, when, if Neradol D be present, a red- 
edj^cd spot will appear. 

According to Tschirch and Edncr,' the diazo solution is 
prepared as follows: — 5 gm./'-nitraniline are introduced into 
a 500 c.c, measuring (lask, 25 c,c. of water and 6 c.c, con- 
centrated sulphuric acid added, the mixture shaken and a 
solution of 3 gm. of sodium nitrite in 25 c.c. of water plus 
100 c.c. of water added, and the whole then filled up to 300 
c.c. The solution should be stocked in the dark. 

2. A less sensitive reaction for Neradol and wood pulp 
extract constitutes that of Appelius and Schmidt employing 
cinchonine," while the presence of the substances in question 
yields characteristic precipitates. 

3. Seel and Sander'* recommend the following method of 
detecting Neradol D : — 

(«) Oxyaxio Rcartion . — About 5 c.c, of the tannin solution 
arc rendered alkaline with caustic soda ; after cooling with ice, 
about half the volume of alcohol is added. 3-4 drops of diazo 
solution are then added. Frequently, this results in the 
solution assuming a blue coloration. If not, the solution is 
acidified with hydrochloric acid, ether added, and the mixture 
well shaken. The water is now separated from the mixture, 
fresh water added, together with some caustic soda solution, 
when, if Nerad(.)l 1 ) be (rresent, the salt of the colour acid 
formed dissolves in the water with a beautiful green or bluish- 
green colour. At the place of contact of the water and the 
etluu- a bluish-green ring U[)pears. 

The diazo solution is prepared by dissolving /'-amino- 
phenol c)r its hydrochloric in a little dilute hydrochloric acid, 
cooling in ice: and carefully diazotising in the cold till a slight 
excess of nitrous acid is prcsc;nt. It is essential that this 
solution should be tested before use, and this is ( arried out 
by coupling it with an alkaline phenol solution ; if a dark 
blue oX}’azo colour is formed, the solution may be used. It 
must he kept cool by surrounding it with ice. 

{/)) I iidophi'iiol Rt'aciioti. To S '-■•<■■■ "f the solution to be 

' Art hi',', ti. I'/iiiriii , njo;, 150. 

Collfyjiiiii, inm, 51J7. 

■' Aeih. J. ant;. Chem.., iyi6, j;,3. 
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tested, a drop of a solution of dimethyl-/-phenylenediamine 
is added, the solution rendered alkaline with caustic soda and 
1-2 drops of a S pei" cent, solution of potassium ferricyanide 
added. If Ncradol D be present, a blue colour appears, either 
immediately or after some time. The reaction is rendered 
more sensitive if alcohol is carefully poured on the solution 
after it has been rendered alkaline, and potassium ferricyanide 
is then added. At the place of contact a blue layer is formed, 
which ultimately diffuses into the alcohol. 

According to Lauffmann^ the presence of natural tannins 
as well as that of wood pulp diminishes the sensitiveness of 
the reactions described above this investigator recommends 
a modification of these reactions. 

2. Elkctucj-Ciiemical Behaviour of Neradol D 

The author’s investigations of the electro-osmosis of an 
aqueous solution of Neradol D'’ proved that clicrcsylmethane- 
disulphonic acid e.xhibits anodic migration ; hence this 
product possesses negative charge and acidic character. The 
impurities accompanying the .sjuithelic tannin, i.e,, salts, free 
sulphuric acid, and some phenols, migrated anodic and 
cathodic respectively, according to their charges. A Neradol D 
purified by electro-osmosis finally yielded a [Hire solution 
of dicresylmethancdisulphonic acid, which precipilatcrl gela- 
tine and c.xhibitcd pronounced tanning effects, but gave a 
greenish-black coloration with iron salts. 'Fhis conclusively 
proves that the blue coloraticjii given l)y' Neradol 1 ) with iron 
salts is no characteristic feature of the //hv sjuithetic tannin, 
but is caused by the phenolic impurities accompanying the 
latter. lis|)eciall}’ the first stage of the electro-osmosis 
produces a cathodic migration of the [ihenols, which may then 
be detected at a cathode by means of the iron and bromine 
reactions. 

It is characteristic of a dicre.sylmethancdisulphonic acid 
[)nriried by eleclro-osmo.sis that it does not precipitate aniline 
hydrochloride. It appears, therefore, that this reaction 

' CoUei’iiiiit^ iyi7, 23 j. 

- Zcits.f. C/iciii., 1916, 333. 

Cullfoium, 1920, 597, 24. 
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which is characteristic of most synthetic tannins — is again 
caused by the presence of impurities, 

3. The Influence of Salts and Acid Content.s 
ON THE Tanning Effect of Nerauol D 

Chemical analysis of crude Ncradol revealed a natural 
dicresylmethanedisulphonic acid (the tanning agent) contenLs 
of about 68 per cent, which agrees fairly well with the 
calculated amount. Like other “strong” and “ weak'” acids 
this .sulphonic acid exercises a strongly swelling influence on 
pelt. Whereas the effect of acid pre.scnt in solutions of 
Neradol D of medium concentration and its tanning effect 
both influence the pelt and are fairly well balanced, this is 
not the case as regards highly concentrated and very dilute 
solutions. If, for instance, a very dilute solution of crude 
Neradol (about oaf Be.) is used, the tanning effect of this 
solution is exceedingly small and does not show itself till 
after several hours. The relatively high dissociation of the 
acids at this high degree of dilution causes an extremely rapid 
and strong swelling of the pelt, which has therefore absorbed 
its maximum amount of water (maximum swelling) before 
the tanning effect of the sulphonic acid comes into play and 
by fixing the surface of the pelt is enabled to prevent the 
excessive swelling effect of the acids. 

The addition of neutral salts to the tan liquor diminishes 
the effect of the acids on pelt (dehydrates the pelt) and pre- 
vents “drawing” of the grain. If, for instance, common salt 
be added to a .solution of crude Neradol, the original 
quantity of sul])honic acid present would remain constant, 
hut the [iresence of salt would diminish the ilegree of dis- 
sociation and consequently the swelling. This effect is still 
more [pronounced when the absolute amount of free .siil[)hf>nie 
acid is tliminished. Hence, if crude Neradol is treated with 
increasing amounts of cau.stic .soda, a series of products 
containing increasing c|uantities of salt aiul decreasing con- 
centrations of sul[)honic acid is obtriined. 

The acidit}' of the Neradols may be determined b)' titration 
with N/iO caustic soda; this [procedure hemee establishes a 
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means of determining the (unknown) acidities which may be 
expressed in terms of c.c. N/io NaOH. The acidity of crude 
Neradol was found to be — 

I gm. = 50 c.c. N/io NaOH 

i.e,, I gm. of crude Neradol requires 50 c.c. N/lo NaOPI for 
complete neutralisation ; the decrease in acidity causes a 
decrease in contents of tanning matters and the quantities of 
salts increase. The following table gives the figures obtained 
by differently neutralised neradols : — 


Acidity. 



Tanning 

Matters. 

Nn„SO.,. 





Per Cent. 

Per Cent. 

I gm. = 50 

C.C. - 

- 


68 


I „ =40 

)> 



59 

4 

I .. =30 

»> 


- 

5° 

8 

I ,, = 20 

D 


" 

41 

1 2 

I „ = 10 

)> 


" 

33 

17 

1 » = 5 

M 

- 

- 

28 

20 

I ,, = 0 

»} 



20 



Tanning experiments with the.se different neradols 
(employing solutions of i" Be. strength) demonstrated that 
neradols of acidity 50", 40", and 30" e.xcrted strong swelling 
and gave comparatively hard leathers; neradols of acidity 
20", 10’, and 5" exert no swelling, yield (|uick tannage and 
soft leather. The swelling (hardening) effect of the acid and 
the dehydrating (softening) effect of the salts in this case, 
therefore, are well balanced, and tin’s fact affords an cx|)lana- 
tion of the rapid change from hardening to softening effects 
exliibited by partly neutralised Neradol where less acid and 
a greater quantity of salts respectively arc present. 

It may finally be noted tliat the acidity of Neradol D, 
I gm. = ioc.c. N/iO NaOII, has been found to be tlic most 
suitable one for practical purpo.ses. Tlie author has, liowevcr, 
.successfully employed some neradols of considerably higher 
acidities. The acidity above mentioned is possessed by a 
Neradol D containing 17 per cent, ash and 30 per cent. 
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sodium sulphonates and Glauber’s salts crystals respectively. 
This large quantity of salts present on the one hand effects 
the rapid pickle and tanning effect exhibited by Neradol D, 
on the other hand it also effects the softness in the leather 
resulting from its use either alone or in admixture with 
natural tannins. 

4 . I’lILOISAPHENE-SOLUniLISING ACTION OF NERADOLS 

A special feature of Neradol D is its property of solubilising 
phlobaphcnes, which may be ascribed to its contents of sul- 
phonic acids or their salts. In order to demonstrate whether 
the sulphonic acids and their salts are capable of solubilising 
the insoluble or sparingly soluble anhydrides of the tannins 
(the phlobaphcnes) before and after condensation, the follow- 
ing experiments were carried out; — 

Crude Argentine solid quebracho extract was converted 
into a highly viscous liquid by treating it for several hours 
with water at 100“ C., and the anhydrides rendered insoluble 
by diluting the liquid with a large volume of cold water. The 
preciiiitate formed, consisting of c|uebracho phlolraphcnes, was 
sc[)aratcd from the liquid by decantation, and purified by 
washing it several times with water. Each 10 gm. of this 
moist paste were treated in the cold with (rz) free phcnol- 
sulphonic acid; {/>) sodium phcnolsul))honatc ; (r) crude 
Neradol anti (zf) Neradol D, 20 c.c, of water at 45° C. added, 
and the mi.xture allowed to cool slowly ; the following solu- 
tions resulted 

(ii) OpalfsreiU solution, much deposit. 

(/z) (Hear solution, no de])osil. 

(r) Nearly clear solution, very little deposit. 

{(/) C.lcar solution, no deposit. 

This clearlyr proves th:it free ;md condensed phcnol- 
sulphonic acitls as such arc not capable of completely’ 
solubilising phlobaphcnes, whereas the sodium salts of free 
and condensed phennlsulphonic acids jiossess this property'. 
The salt contents of Neradol 1), therefore, constitute ;m 
advantage in this resiiecl, that not only may Neradol D be 
mixed with solutions of any luittiral tannin without instjlubles 
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being thereby deposited, but it may also be added in large 
quantities to a tannin solution with the result that the 
sparingly soluble and wholly insoluble constituents (phloba- 
phenes) are completely brought into solution. 

The practical importance of the solubilising effect of 
Neradol D relating to solid Argentine quebracho extract is 
demonstrated in the following series of investigations carried 
out by the author: — ^ 


Solid 

Argentine 

Quebracho 

E.xtract, 

Neradol 

D. 

Matters 

Calc, 

Tanning 
of Mixture 
Found. 

Abs. 
Increase 
in Tanning 
Matters. 

Increase 

per 

100 gms. 
Extract, 

Gm. 

Gm. 

Per Cent. 


Per Cent. 


100 

0 

66.0 

66.0 


. . . 

0 

100 

32. S 

32.5 

... 


90 

10 

63.7 

64.7 

2.0 

2.2 

§0 

20 

56. 1 

58.7 

2.6 

3’ 3 

60 

40 

52.6 

56.9 

4-3 

7.1 


50 

49-3 

55-2 

5-9 

II. 8 

30 

70 

42.6 

47-3 

47 

iS-6 

20 

80 

39.2 

42.3 

3.1 

iS-5 


The maximum solubilising effect is exhibited in the 
mixture of 70 parts of Neradol and 30 parts of quebracho, 
with an additional percentage of tanning matters in the 
mixture of 15,6 per cent. — a figure which is very nearly 
identical with that of the insolubles pre.scnt in the original 
Argentine quebracho extract. 

The phlobaphcnc-solubilisiiig [)ropcrty of Neradol D is 
closely connected with the influence of the latter on the 
colour of leathers tanned with natural tannins. If, on the 
one hand, a (3clt is tanned with natural (?>., non-treated) 
(lucbracho extract, a rather light coloured leather rcsult.s, 
the fleshy colour of which is characteristic of ejucbracho. 
The dark coloured phlobaphcncs present, on account of their 
insolubility, will have no influence on the colour of the 
leather. If, now, the quebracho extract be treated with 
sulphite and bisulphite in the usual way, the phlobaphenes 
are solubilised, but the reducing effect of the bisuljjhite 

' Collegium, 1913, 478; Aiistr. Pul., 68,796, 
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tends to briglilen the colour of the otherwise dark coloured 
phlobaphcncs as well as that of the soluble tannins, and a 
reddish-yellow coloured extract results, imparling its own 
colour to the pelt. When, on the other hand, the quebracho 
extract is solubilised by means of Neradol I), the phloba- 
phenes are brought into solution without reduction taking 
place, and a dark brownish-red extract results, which im- 
parls a similar colour to the finished leather. This darkening 
effect of Neradol D is most conspicuous in tlic case of 
mangrove, malclto, and chestnut, but is absent in the case 
of algarobilla, dividivi, gambir, sumac, and valonea. The 
varying phlobaphenc contents of the tannins easily afford 
an explanation of the different properties above alluded to ; 
the mangrove phlobaphcncs are dark coloured bodies, those 
of mimosa, malctto, and chestnut arc of lighter colour, and 
the last-named tanning materials enumerated above are 
eithei’ devoid of phlobaphcncs or possess them only as very 
light coloured bodies, Algaiobilla, sumac, gambir, dividivi, 
and valonea, on the othci hand, arc associated with large 
amounts ofsjxiringly soluble ellagic acid, known as “bloom” 
or “mud,” which imparts a light colour to the finished 
leather, and tonvenicnlly covers the dark coloui Impaited to 
the leather by other tanning materials; for this icason the 
former arc often used in the lay-aways or in the finishing 
piocesses. 

Similar effects to those of Neradol D arc exhibited by 
f)thei salts of sulphonic acids, e.g., sodium bcnzylsulphani- 
lale (Solvcnol H.A.S.F., or solution salt (" Solutionsalz ”) 
Iloechst); the author prepared mixtures of such salts and 
unlicalcd ciuebiacho extiact in older to deteiminc thcii 
solubilising effects, and anived at the following icsulLs : — 


JO SolvtMioj [)ltis 70 pAfls (jucl>i.iclu> , tlcai siiKilion, no <U‘j)osit. 

,, ,, 2 ^ ,, ,, Hear soliitnm, very lilllu 

*1) ,, ,, 8t) ,, iKMilv < Ibiir mjIuIkhi, voiy lilUf 

I =; ,, ,, cStj ,, ,, slij'Iilly opatjiic soliilKin, st-inti 

deposit. 


Leathers tannetl with these mixluies weie more 01 less 
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dark coloured according to the amounts used of solvenol and 
the consequent solubilisation of the phlobaphenes. 

A similar effect, though of opposite nature from a tanning 
standpoint, is exhibited by sulphonales on ceitain colloidal 
dark colouied substances. A plienolsulphonic acid, which 
had been ovei heated during sulplionation and .subsequent!)' 
condensed (ciude Neradol), imparted a conspicuous greyish- 
brown colour to the leather; samples of this crude product 
were then partly neutralised with varying amounts of alkali, 
and these samples (containing increasing quantities of .salts) 
tested for tannin and colour effects. It was found that the 
more highly neutralised samples imparted a darker colour to 
the solutions, but these dark products did not deposit the 
dark impuiities on the pelt. One may therefore assume that 
tannoid substances arc colloidally suspended, and when con- 
verted into true solutions are incapable of being fixed in 
insoluble form byjhe pelt. 

Just as, by adding Neradol D to a tanning extract, the 
phlobaphenes are solubilised and a dark colouied cxliact 
results, it is also possible to remove the mechanically 
deposited phlobaphenes and oxidised tnnnin4 fiom the 
finished leathei, and, as a consequence, lighten the coloui of 
the leather. For practical purposes, bleaching with Neradol D 
is catiicd out by btusliing over the clarki)' colouietl leather 
with a 2"-3^ Be. solution of Neiaclol D, aiul then nnsing well 
with watei, in oidei to iemo\'e llic sohihihscd tannin. A 
ligiUer colour inaj' also he ohl.imefl b)' iinmetsing the le.'ithci 
in a liijuoi of the sticngth inenlioiied abo\'c foi se\'er.il Imuis, 
and then rinsing with watci, but b)- tin's [uocecluie not diil)' 
the suifacc tannin is lemoN'eil, but also tannin ('torn the 
leathei substance itself; this melhotl is iherefoie not suil.il'le 
for heav)' leathers which are sold b)’ ueight. 

'I'he advantage of em|)lo)-ing Neiadol I) as a bleach in 
tills way is to be found in the (.ict that, on the one hand, 
the lileaching sulphonic acid attacks the leather to a much 
slighter extent tlian is tlie case with inoiganic acids usually 
cm[)loycd foi this put'iiose ; on the other hand, the nielliocl 
of brushing the siilplionic acid on the leathei only iiitioduces 
small amounts of sulphonic acid in tiie leathei, thus lessening 
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the harmful effects of acirla upon Icatlier. Furthermore, the 
common methods of using alkalies as tannin-solubilising 
agents with the consequent running off and waste of alkaline 
tan liquois aic here substituted by a method leaving liquors 
rich in tannin and Neiadol, and which may be used in the 
ordinary procedure of tannage. 

Since Neradol D contains neutral sodium sulphate (about 
3 per cent.), ;ind the latter, by precipitating colouring matters 
pre.scnt in tan liquors, may slightly bleach these, it was of 
interest to determine whether the sodium sulphate plays any 
part in the bleaching effected by Neradol. Mixtures of chest- 
nut and quebracho extracts were prepared, to which were 
added : — 

(1) 5 per cent. Neradol D. 

(2) ,, „ fiec from NajSO,,. 

(3) 0,15 per cent, sodium sulphate (coi responding to above 

Neradol D). 

These mixtures were allowed to act upon pelt alongside 
of comparison tests using quebracho and chestnut extracts 
only, the strength of the liquors in all cases being 1.5' Be.; 
the pelt was left in tlic solution till tanned through. Tire 
following results were obtained : — 

(1) (^uehi.aeho tanned lealhei was daiker; no diffeience in 

coltmr by chestnut exit act. 

(2) .Similar to (i), 

(3) Same colour as given by the oiigimal exLiacts, 

'I'his cxjmrimcnt demonsliates that tibscnce of sodium 
sulpluite ill tile mixture is without influence on the colour of 
the lesulling le.athei, anr! tliat an addition of sodium siilpliate 
to natur:i! extracts does not alfect the cohaii imp.utcd by 
lliciii to pelt, 


5. ICkkect of Nkradoi, 1) on I'ki.t 

Being a sulphoiiic ticid tlerivalive, the (.tiemictil constitu- 
tion of Nciadol is obviously consideiably diffeicnt fi'om tluit 
of the natural tannins, and the question has been asked • Will 
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^eraclol D, in its concentrated form, attack the hide sub- 
stance?' Bearing in mind that concentrated extracts of 
vegetable tannins in some circumstances effect a “dead" 
tannage {c/. case-hardening) and hence reduce their practical 
value, and that for this reason it is impossible to allow either 
concentrated extracts or concentrated Neradol D to act upon 
pelt, the author still decided to carry out some experiments 
in this direction. Concentrated Neradol D (33” Be.) and 
strong aqueous solutions of this material in strengths of — 

30" 25° 20° 15“ 10“ 5° 3“ i°Be, 

were therefore allowed to remain in contact with pelt for a 
peiiod of ten days, when the pelts were taken out and washed 
in running water for twenty-four hours, and then dried. The 
lesultant lealheis possessed the following properties : — 

33' Be. solution ; completely gelatinisecU 


30° 


1) 

)» if 

25" 


two-thiids gelatinised; suifiice tanned. 

20" 

>) 

one tliiid gelatinised ; surface “dead” tanned. 

' 5 " 

M 

pelt was glas.sy thioughoul. 

10“ 

)) 

latlier ciaclcy leathei, hut well tanned. 


n 

1101 nial tannage. 


3 ») if n 


' If ff 

The intcriois of tlic leathcis oljlaincd from the 25 and 
20 Be. solutions weie com[)ielcly gelatinised ; this may be 
accounted foi by assuming that the suiface was “dead” 
tatined, and that hence the fiee di.ssocialcd sulphonic acid 
difkiscd into the leather, lovvaids which it exhibited hydio- 
ly'Sing ralhei than a t.innoid effect with the consequent result 
desciibed tibove. Above 10' Be, the el/ect is moie that of an 
acid with conccntiations below' 10' Be, — the only ones of tech- 
nical unpoitance — howcvei, no ill-effects ni.iy be obscived 
b'oi ttmning purposes, Neradol D solutions of 2 Be. aie 

‘ 1913, 521, .[87 

- It was imposbiblo lu sulqccl llic pieces to a piopei wusliing out 
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quite satisfacloiy, and it has been found ' that solutions o_f 
this strength do not dissolve out any prqtcin of the hide.* 

A purely Neraclol D tanned leather may be produced by 
immersing a bated ])clt, free fiom lime, in a 2" Bii. Neradol D 
li(]Uor for about four da3's ; the resultant leather being nearly 
white and otherwise very similar to a leather tanned with 
vegetable tanning materials. 

The main application of Neradol D is in admixture with 
vegetable tanning materials ; especially in the carlj' stages of 
tannage is this substance of value, since by its use not only 
a light coiourctl leather surface is obtained, but its presence 
prevents a subscciuent dead tannage when strong vegetable 
tan liquors arc a])plied, and it also imparts strength to the 
grain layer. It is thus possible to .shorten the time consumed 
by the tanning [M'occ.s,s by employing Neradol D in the 
manner described. 

A further explanation as to why the tanning process is 
consifierably hastened by using Neradol D, either alone or in 
conjniiction with natural tannins, is affoidcd by tlie fact that 
though Nciadol D quickly penetrates the grain, it is but 
“loosely” fixed by Llic latter, i.e., it is not deposited to such 
an extent that it would prevent penetration of tlic vegetable 
tannins. In the case of a mixture of Neradol D and vegetable 
tannins, the former quickly diffu.scs into the pelt and fixes 
the fibies, thus facilitating penetration of the vegetable tannins. 
This as.sumplion is justified in view of tlic speed with which 
Neradol D completely penctiatcs and tans the pelt, since 
Neradol D containing acids and salts exhibits effects similar 
to those of a i)icklc. 

6 . KKACTFONS ok Nl'KAl)r)L I) WITH lUON AND ALKADIKS 

A s[)ecial charactcustic of Neiarlol D tannage is the sensi- 
tiveness of the latter to llic riclion of iion and alkalies, I'he 
Jielive [uiiuiple of Nciadol 1 ) being fiee (li(.ies)'lmctli.inedisul- 

' ri thttiLum, t<;n, So, 32.1 

riio tiansl.Lloi t.miiol willi the .mllioi oti tins jioiiU. Ilf 

h.is, loi instame, found lliat solutions of aiiiilytu .il sticngtii iSissoIvu 
t onsidciabit; .imotiiits of bide stibslaiKe, .ind his pituiiLal c\]ieiieii<.c 
<()nfhiiis lestills aiiivcd ill it) the laboitiloiy. 
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phonic acid, which is easily neutralised by lime, ammonia, 
and amino-acids and hence rcndeicd inactive for tanning pur- 
poses, it is essential that the pelt prior to tannage with 
Neradol D should be completely delimed, bated, and freed 
from all constituents possessing alkaline reaction, It is, how- 
ever, possible to regenerate Neradol D liquors contaminated 
with alkali or paitly neutralised by the addition of small 
quantities of organic (formic, acetic, lactic, and butyric) or 
inorganic (hydrochloric or sulphuric) acids, z>., the dicrcsyl- 
methanedisulphonic acid is again partly libetated, and this 
piocedure is always preferred where the tanning process does 
not allow of a complete deliming of the pelt prior to intio- 
ducing the latter into a Neradol D liquor. If, on the othei 
hand, such liquors are kept propeily, and the addition of acid 
refeiied to kept up, they will remain active for weeks and 
need only strengthening up with the requisite quantity of 
Neradol prior to introducing fresh pack. 

The sensitiveness to alkalies of Neradol D is consideiably 
greater than in the case of natural tannins, and it appears 
that a vegetable tan liquor neutralised with lime will not even 
sui face-tan when acting upon |>clt and will neither impait a 
dark colour to the leather nor remove from it any ap|jrcciable 
amount of protein. .Similarly, a Neradol D licpior iieutialised 
with lime exerts no tanning action, but in contradistinction to 
the vegetable tan liquor similarly ticalcd, will mqrart a blue 
or blackish-blue colour to the pelt, from which it icinovcs 
larger quantities of piolcin. The authoi examined two such 
liquors relating to theii contents ()f tanning matters and jiio- 
tcin and obtained the follou’ing lesults : — • 
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These figuies do not only show the highei piolein contents 
of the Neradol D liquoi, but do also show highei contents in 
soluble non-t.uinins, whicli consist mainl)’ of lime (j.13 pei 
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cent.) and sodium sails (i .8 per ccnl.), thus establishing tlic 
fact of the sensitiveness of Ncradol D to alkalies in addition 
to its lime-solubilising effects. 

The sen.si liveness towards alkalies is also noticeable on a 
large scale wlierc the tanpits have been built of cement ; 
though tlie pelt may be quite free from lime, the Ncraflol D is 
quickly iieulialiscd by the cement, with results similar to 
‘those enumerated above. 

The blue coloured soluble compound of Ncradol D and 
iron salts, to which frequent reference has been made, is very 
important from a practical standpoint. Whereas the catechol 
tannins (i.e,, fir, gambir, hemlock, cutch, mangrove, and 
iiuebracho) arc coloured black, those of the pyrogallol class 
(/>., algarobilhi, dividivi, valonca, gallotannic acid, myrabolains, 
and sumac) bluish-black, and the "mixed” tannins {/.e., 
canaigre, oak, and mimosa bark) bluish-purple by iron alum, 
Nciadol D is coloured a pure blue. Mow sensitive this 
reaction is, the following comparative analyses illustrate : to 
each litre of tan liquor containing q gm. tanning matter pre- 
j^ared from («) quebracho extiact and {/>) Ncradol D, lo c.c, 
of a 10 per cent, iion alum .solution vveic added, the solutions 
heated to lOo" C., cooled and fiUcicd, and the colour of the 
filtiate.s and the weight of the precipitates determined ; — 

(a) Quubiaclio soliilion ; light reddisli-biown filtraLc, 3.22 gm. 
juccijiitntc. 

(/d Nciadol solution; deep blue filUaLc, 0.02 gm. precipiuitc. 

Hence, on adding a soluble iron salt to a solution of a 
natuial tannin, most of the tanning matter is piecipitated ; 
the coloiu of the filtrate, howevei, is much the same as lliat 
of the original solution. A Nciadol D liijuoi similaily treated 
gives no pioeipit.Ue, but is culouied blue thioughout. The 
filtmtes fiom tlic above solutions weie .illoued to act upon 
pu'lt, and the following obseivations weic made: - 

(tr) Tlic light leddish-lnown filti.ite fiom tlie ([uebi.icho 
liquor e.vhibitcd no well-defined tanning effcLl on [lelt, lo 
uIiilIi it iinpaited .i light blown coloiii. 

(/>) On the othc'i hand, the deep blue filtiale fiom the 
Nciadol I) h(|tioi exhibited well-defiiieil l.uming effects, and 
iinpaited .1 deep blue colour to the pelt. 
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For practical purposes, the sensitiveness of Neradol D to 
iron is not only remarkable because any contact with iion 
particles will colour the liquor (and hence the pelt) blue, but 
also because the slight amount of iron always present in 
cement tenders the use of cement pits prohibitive wheie 
Neiadol D liquors are used. 

This intense blue coloration might have made possible a 
colorimetric estimation of Neradol D. The author has investi- 
gated this possibility, using different concentrations of Neradol 
D liquo:-s to which a solution of iron ammonium aluin was 
added, and found that when, at certain conccntiations, the 
maximum blue colour had been obtained, it was still possible 
to increase the quantity of Neradol without the intensity of 
the colour being affected. Addition of a little alkali tends at 
fiist to darken the blue coloui, more alkali changes the blue 
colour to brown and yellow, successive additions of a weak 
organic acid acetic acid) rapidly lighten the blue colour. 
Since industrially used Neradol D liquors always contain 
varying quantities of acid and may be neiitial or even slightly 
alkaline, it must be considcied impossible to make any use of 
such a coloiimetric estimation for practical pm poses. 

7. Reagents suitable for Demon.strating the 
VARIOUS Stages of Neradol D Tannage 

The extent to which tannage with Neiadol D pioccccis on 
the surface and within tlie pelt may be judged fiom llie feel 
of the skin, but sucii a method is totally unsuilcd to any i)ut 
a practical tanner. A suitable and reliable icagenl is 
indigolinc (H.A..S.F ), which cleaily distinguislics tanned and 
unlaniied layers of the pelt. If, fn instance, a 1-3 [icr cent, 
solution of indigolinc is bimighl inlo contact with a fiesh cut 
on a licit, and the latter suhseiiuently waslicd with warm 
water, llie iiuligotine is only letaincd by the iintanned pails , 
a leather tanned with Neiadol D is Lliciefoic only colouicd 
by indigolinc to the extent to winch it lias combined with the 
Neradol ‘ 

’ AkouIih^ to Seel and Sander f ir/i" Chem.^ 191A, 33P, 

basic dyestiilTb aie .dso veiy suitable foi demonstialing tanned p.nits 
of t!ic pelt 
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Anoihcr rcagcnl is constituCcd by iron ammonium sul- 
phate ; the cxLcnl of the penetration of Neraclol D, which 
jfives an intense blue coloration witli iron salts, into the 
leather may be cietcrinined by washing the pelt treated with 
Ncradol D, making a cut, again washing and treating the cut 
with a few drops of a weak solution of iron ammonium 
Hulplialc. Those parts of the pelt which have been converted 
into leather then appear deep blue ; on the other hand, those 
which have been in contact with Neraclol 13, but have not yet 
been converted into leather, are light blue. Tbo.se parts 
which have not yet liecii in contact with Ncradol D a[)pcar 
pure wliite ; the results of this reaction are therefore oi)posilc 
to lho.se <jblained l)y the use of indigotine, 

«. CO.MitINATION TaNNACUCS WITH N KKAUOI. 1) 

Whereas mixtures of Neraclol D and vegetable tannins 
impart properties to tlie leather consistent with the propoitions 
in which these materials are present, it is not possible to com- 
hinc Ncradol ]) with mineral tanning agents or fats fislr 
oils, etc.) in such a way that a leather characterised by the 
properties of eithci’ material is obtained, ]Cx[)erimenls wcie 
cariicd out using (i) chrome .salts plus Neiadol D; (2) 
aluminium salts plus Neraclol D; and (3) oils [)lus Neraclol D, 
and llic following conclu.sions were anivccl at: — 

I, Chrome-Neradol D liquors, containing comparative!)’ 
latgci amounts of Neraclol D, act loo lapidly on the pelt and 
draw the grain ; smaller amounts of Nciadol D seem without 
influenco on lire fiiiislied leather, which possesses pronounced 
cluuac-leristics of clirome leathei'. Anollici (lisagieeahle factor 
is tlic^ following’ the cliinmo salts must possess <i ceitam 
degiee of basicity in oidei to picxlucc good Icalhei , the 
Neiadol I) must, on the otluu hand, possess a (eilam acuiil) 
to pioihue the optiiiuiin icsults, and U is lienee im |)(jssibk' Ici 
Ihdiiiu e piac tically the hasirilv of the chioine salts and the 
at idily of liu; Not.uiol in oidei to Jiislil)' llie [neseiu e of bolli, 
If one c)f tile two is used sepaialel)’ hi loie the otliCM, a IcMlhei 
.ilwa)'.s lesulls posscs.sing llu; ehar.iclei istu s of the matciial 
fust ein[)loyed, piovided the time ol action has been siirfR'icntl)' 
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extended, If insiifficienl time has been allowed, the char- 
acteristics imparted by the main tanning agent are not 
•altered. 

2, Aluminium Salts and Neradol icquirc practically tlie 
same basicity and acidity respectively, and when combined 
always yield a leather possessing mainly the properties of one 
of the components, In addition to this fact, leathers tanned 
with aluminium salts possess great softness and stretch, those 
tanned with Neradol D greater firmness and less stretch, and 
these opposing qualities completely compensate one another 
and render nil the value of such mixtiues. 

In addition to this, the presence of aluminium salts produces 
no better fixation on tlie leather fibie of basic coal-tar dyes, 
so that in this lespect also a combination of aluminium salts 
and Neradol D is of no value, 

3. Just as aluminium salts impait special characteristics 
to leather, this property is exhibited by fatty matteis, especially 
so as regards stretchiness and softness. Both of the latter 
are not apparent to the same extent in an oil tannage into 
which Neiadol D and oil enter as constituents. It is, how- 
ever, not excluded that, in view of the fact that the com- 
bination of oils and Neradol D appear to produce the most 
promising lesults of the three fioin a technical point of vic\\’, 
such combination would yield piodiicts possc.ssing less stretch 
and gi eater softness which, by occupying an inlermcdi.ny 
position, might possess ccitain advantages and be useful for 
certain technical pin poses. 

9. Analysis ok Leather containing Neradol I) 

Chemical examination of leathers tanned with Nciaclol D 
or with mixtures of naluial tannins and Neiadol 1 .) often 
involve a dcteimination of the matci ials employed in tannage. 
In most le.itheis exclusively tanned ivith vegct.iblc tanning 
matci ials, it is usu.dly possible to detci mine at least the natiiic 
of the main tanning agent, whereas the attempts at detei mining 
those tannins which aie only picsent in minor quantities 
raicly .succeed. Since Neradol D usually is employed in 
compaiatively small quantities, it has been imperative to find 



124 


SYNTHETIC TANNINS 


a method which also permits of the detection of smalier 
quantities of Neiadol D. Provided the presence of not less 
than s per cent, (on the weight of the leather) of Neraclol D, 
the following method yields reliable results : — 20-3ogm. of the 
leather are ground or sliced as finely as possible and the 
powder (or the slices) treated in the cold witli a sufficient 
volume of dilute ammonia solution (5 c.c. ammonia plus 95 c.c, 
of water) for eight to twelve hours. Tlie object of this is to 
di.ssolve the tannins, l)ut no protein .should go into solution. 
Tile solution is filtered and the filtrate evaporated on the 
water batli till it occupies a volume of about 30 c.c. A few 
c.c. of aniline hydrochloride are now cautiously added, when 
it should be carefully noted if a precipitate is thrown clown 
which might be cither completely or only partly soluble in 
excess of aniline hydrocliloridc. A precipitate is always 
thrown down when Neraclol D or wood pulp is pic.scnt; 
only the Neraclol D precipitate is .soluble in exce.ss of 
aniline hydrochloride. Partial solubility of the piecipitate 
tlrerefoic indicates the presence of both wood pidp and 
Neraclol D. 

The (piantitative determination of sulphuric acid — the 
detection and estimation of which in leather is impoilant — is 
considerably influenced by the ptesence of Neraclol H. Practi- 
cally all methods in vogue dealing with its determination were 
based on tlie estimation of tbe sulpinir intioducecl into leather 
by sulpbuiic .icid. The [iiesence of Nciaclol H, the main 
constituent of which is diciesylmcthanedi.snl[dionic acid, 
rciideis it impossible by such methods to determine whether 
the (omhined sulpluu owes its oiigin to sulphut ic ni sulphonic 
.ic'id It lem.iins js't to lie deteimined wlu-tlu-i the snlphotue 
.aid inlhienies the leathei subsl.iiKe to tlu' extent lli.it sul- 
phiiiK .11 ul does, It imisl, liowec'ci, be home 111 mnul th.il 
.Xei.idol 1 ) in .iddilioii to (ice sid[iliiiMn .uni also conl.ims 
sulplion.ites and siil[ili<iles, uliieli may enlei into llie le.ithei 
,111(1 thus im le.ise the siilplini contents ol llie l.niei A method 
iiuisl heme be decised wliu h I'stiiu.ites the lu'i acid onl}' and 
[II ovules the me.uisol distmguislimg this'fiom all othei acids 
III oig.'uiii .uiil iiioiganic acids, I’aesslei,' b)' esli.icting the 

' Ci'//et;nniu lyi-l, 5-7- u'"' ; 53U 5<'‘) ; 5t-- 5^7 
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lecilher and dialysing the filtrate, has effected a separation of 
the acids and the tanning and colouring matters and quantita- 
tively estimated the sulpliuric acid in the dialysate. 

Immerheiser^ devised a method, based upon the pioperty 
of sulphiuic acid of combining with ether, for the purpose of 
determining free sulphuric acid in leathers: — lo gm. of the 
leather, cut into small pieces, are extiacted thiee times with 
200 c c, distilled water at room temperature, the time of each 
extraction being ten to twelve hours, and the combined extracts 
evaporated to dryness on the water bath, 5 gm. of quart sand 
being added. The diy residue is now powdeicd, inti oducecl 
into an Erlenmeycr flash provided witli a glass stopper, and 
200 c.c. of anhydrous ether® added. After about two houis, 
during which the flask is occasionally shaken, the ether is 
poured through a filter, the residue washed with a little ether, 
and the opeiation repeated twice with each 40 c,c. anhydrous 
ethci, using the same filter. To the combined ether extracts 
(about 200 c.c.) HCl and BaCl^ arc added, the cthei distilled 
off and the residue evapoiated on the water bath, in oidei to 
decompose the ether-sulphuric acid compound. 50 c.c. of hot 
water acidified with MCI arc now added, the piccipitatc 
allowed to settle, filtcicd, waslied, dried, and weighed. The 
aul[)!uuic acid thus estimated was picsent in the leather as 
f)cc sulpkinic acid. That present as suliilitites soluble in water 
is estimated in the residue on the fillet , the residue is 
extiacted with hot water, the sand filteieci ofl', the filtiate 
acidified with 1 ICl, lanled foi one qu.uLei hoiii and filtcicd 
il ncccs,sai)' The cle.ii filtiate, which ina)' be ctflouied, is 
biought to boil and BaCl_. is added. 'I'lie b. 11 111111 suljihate 
indicates the sul[)huric acid picscnl in the leather as watci- 
soluble stiliihates, 

W'hclhei the lattci be sul[ihates 01 hisiilphrites may be 
indicaleri by the aqueous cxtiact of the above tesiduc, since 
neutial le.iction w'ouki indicate the absence of bisiilpliates, 
acid reaction tlieii (iie.sencc in addition to possible noiinal 
sulphates , the quantitative estimation of the metals would 
decide this [loml defitiitcl}'. 

' Col/ci’iiim, 1918, 582, 29 j. 

- 'I’o lid lestcd fui wiUei by sliakiiiH wllh [iiihydioiis co])per siilpliatc. 
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lo, Propertiks of Leathers tanned with Neradol D 

Whereas the colour of leathers tanned with Neradol D 
only is neaily a pure white, those tanned with mixtures of 
Neradol 1 ) and vegetable tanning materials arc more or less 
light coloured according to the <iuantity of Neradol D present, 
as has been explained when discussing the phlobaphcne- 
solubilising action of Neradol D. In any case, all leathers 
tanned with Nerarlol D possess fibre of remarkable length, 
which explains their increased tensile strength and elasticity, 
The tensile strength of a leather tanned with a mixtuie of 
Neradol D and vegetable tannins was 3.7 per cent, as coni' 
pared lo 3 per cent, when no Neradol was used ; the extension 
was 56 per cent, when tanning with Neradol D as against 36 
per cent, without the latter. 

The .sensitiveness to light of leathers tanned with Neradol 
I) may be mentioned. Exposed to direct sunlight, the 
surface of the leather assumes a yellowish colour after two 
days’ exposure, and assumes a pure yellow colour after a 
further three days, A further fifteen days’ exposure only 
darkens the leather slightly, the final colour being very little 
(liffeient fioin the one obtaining after five days’ exposure. 

In passing, it may be remarked that this yellow colour is 
observed on the surface only, the grain otherwise possessing 
that pure white colour characteiistic of Neradol D tanned 
leather. iHiither, it may he noted that leathers tanned with 
Neradol 1 ) fix basic coal-tar dyes excellently, whcicas acid 
and substantive dyestuffs aie fixed with other than Ihoir 
nalutal sliadcs. 

The author lias analysed a leather exclusively tanned wUh 
Nci.ulol 1 ), and has olit, lined the following lesiills; - ‘ 


MoisUiu - > “i !'> I ' 'su. 

Ash - 01; 5 ,, 

I'.us - - - - I jl) ,, 

I'Ali.uu'mis in.Utcis - - not) ,, 

! I'.ulic-r I r,itinui}i tii.uii-is - \i< „ 

siihst.uu'c 1 1 lull- suhsliini I' - • IS.h’ u 


I no 00 pci < ClU. 

Sp gi., o.fi.ii. 

' 1913, 521, 
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From these figures, those of "degree of tannage” and 

“yield” (pelt ^-leather) are calculated as 814 and 220 

respectively. 

These figures correspond closely to those obtained by the 
analysis of leathers tanned with vegetable tanning materials, 
and this proves the similarity between the Neradol D tannage 
and a vegetable tannage in their chemical aspects, 

II. Neradol D free from Sulphuric Acid 

In order to prepare phenol and cresulphonic acids, such 
quantities of technical sulphuric acid aie used as do not allow 
of the assumption of complete utilisation of the sulphuiic acid ; 
hence it was of theoretical interest to remove eventual traces 
of free sulphuric acid from the pioduct. For this puiposc, 
the authoi diluted crude Neradol to 20° B6. and gradually 
added small quantities of milk of lime ; the precipitates were 
freed from the liquid by suction and washing, and a Nciadol 
free fiom sulphuric acid resulted, which was then brought to 
the acidity of Neradol D with the calculated amount of alkali. 
From the calcium sulphate precipitate, the amount of sul- 
phuric acid originally present was calculated, and was found 
to be only 4 per cent. 

The acid-free sample of Neradol was tested with legard to 
its suitability as a tanning agent; leather tanned with this 
sample differed from one tanned witli an unlieated sample 
(Neradol Dj by being haider and possessing a pionouiicudly 
greyish colour. This diffciencc, hrnvevci, may not be iluc t(j 
the absence of sulphuiic acid but to the piesencc of the 
sliglilly soluble calcium sulphate in the sample ticated with 
milk of lime To piove this point, anuthci way of laepariiig 
Nciadol D free fioin sulphuric acid was looked out for. 
Sodium acetate was added to a solution of crude Neradol 
until the lattci ivas no longer acid to congo-ied ; at this point 
no fice sul[)lnnic acid can be piescnt in the solution. The 
pioduct, paitly neutiahsed till the acidity of Neradol D wa.s 
leached (part of the acidity then being due to libciatcd 
acetic acid), yielded a leather which neilhci in colour nor in 
feel differed from the usual Nciadol D tanned leathci. This 
[noves that the grey colour and the haidncss of the leather 
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described in Uic former experiment is due to tlie presence of 
calcium sulphate. 

If the ciiulc Neradol treated with sodium acetate is not 
paitly ncutialiscd, the analysis gives the following figures: — 


Tanning maltcis 

- 

67.3 pel cent. 

Soluble non-lannins - 

- 

- 8-f> „ 

Insolubles - 


0.0 „ 

Water 

- 

- 3 ,|.T „ 


100,0 pel cent, 

Acidity: r ym. = 46 c.c, N/io NaOII. 

Compared to the analysis of crude Neradol containing 
sulplunic acid, the figures show that, on the one hand, the 
presence of the comparatively small quantity of sodium 
acetate but slightly innuences the contents of non-tannins and 
water, but, on the other hand, icduces the contents of tannins 
and also the acidity. The tanning intensity of this product, 
however, is considciahly increased, and using a i° ltd. .solution 
a leathci is obtained in a veiy short time veiy similai to that 
yielded by oidin.uy Neradol 1 ), but considerably hauler; the 
latter propeity is due to higher acidity and almost complete 
ab,sence of salts in the pioduct tieated with sodium acetate. 

The aiilhot finally .iltenqited to pailly ncutialise ciude 
Neiadolwilh various hydioxidcs and carried out tanning tests 
with samples containing the different mct.ils. Hardly an)' 
difference in the finished leatheis could be observed as 
legards (oloin oi (]u.dily ; the tannage could by no means be 
desciibed as that of a combination of Neiadol D and the 
res|)ecLivc metals 

[2. NKUTRAr, Nkuadol 

Ctluic Neiadol, completely neniiatised with caustic soda, 
yields a product of the following composition- — 


'I'anning matii'is 

1 1; 8 

Soluble non-laimms - 

87 ‘V 

Insolubles 

0.0 

W.itei 

■ 4 -J -3 


ioooJ[)ei CL-tU 
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Tlic qualitative reactions of this product differ frona those 
of non-neutralised Neiadol to tlic extent that gelatine is not 
precipitated and iron salts are not coloured blue, but dirty 
brown, by the aqueous solution of this product. 

The completely neutralised product, diluted to various 
concentrations (of 1°, 2°, 3°, and 5° Bd.) and tested as to 
tanning properties, revealed the surprising fact that the pelts 
were not even surface tanned, and vvete coloured evenly blue 
throughout by indigotine, 

It might have been anticipated that sodium dicresyl- 
melhanedisulphonatc would be as devoid of tanning powei's 
as is a neutralised vegetable tannin, but it is difficult to 
explain the fact of the sodium salt being adsorbed by hide 
powder as "tanning matters” in the Official Method of 
Analysis. Brought to a logical conclusion, the figuie 19.8 per 
cent, should be deducted from 32.5 per cent, obtained in the 
analysis of a partly neutialised Neradol D, which compara- 
tively large quantities of the sodium sulphonate also adsoibcd 
by hide powder, leaving the "tanning matters” of Neradol D 
at 13.5 per cent. 

This diminished figuie, however, does in no way reduce the 
value as a tanning agent of Neiadol D ; it merely shows how 
inadequate is the hide powder method of analysis when ajjpliecl 
to substances of the composition of Neradol D. This is further 
confirmed by the Loeweuthal pci'inanganalc method, which 
yields the following figuics : — 

'I'anning iiialteis - - - 7 2 pei reiil. 

.Soluble non-tannins - - ' S9 - ' » 

If, oil the other hand, completely neutialised Neiadol is 
acidified with an oiganic acid, sucli as acetic acid, till llie 
acidit}' (i giTi.= io cc. N/io NaOIl) i.s readied, the icsiilling 
pioduct is in all respects similar to Neiadol IJ and yieltls a 
corresponding leather. 

It is permissible to as.sumc lliat the irregulaiity exhibited 
by Neradol D as icgards the ana]3’lical estimation of its tannin 
contents is connected with the low moleculai weight of tlic 
tanning piinciplc. \^dlelcas all Itmiiins so fai isolated lioni 


9 


' Collcgnun, 1913, 521,487. 
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the natural tanning materials possess rather high molecular 
weights, that of Ncradol D deviates considerably from this 
rule, as is shown by the following table : — 


Nciadol D tannin 


358 

Mangiovc ,, 

C 2 ,H.,dO,h 

670 

Onlc bade ,, 


0 

00 

Myraholani „ 


- 

Dividivi „ 


1270 

Malletto ,, 


- 172 <t 

This low molecular weight may mainly 

account for the 


figures obtained by the incorrect oxymetric estimation with 
permanganate ; the apparent tannoid property of the tannoid- 
inactive neutral salt of dicresylmethancdisulphonic acid may 
1)0 explained by assuming that though it is, probably, in the 
colloidal state, and as such adsorbed Iry hide powder, it is still 
devoid of astringent properties, 

G. Different Methods of Condensation as Applied to 
Phenolsulphonic Acid 

In addition to formaldchj’dc, many other .sub.stances ma)’, 
theoretically, induce condensation of phenolsulphonic acid ; 
condensation takes place eitlier with the elimination of water 
or, in addition to this, with the introduction of methane group. 

So far, the following condensing agents have been investi- 
gated : — 

( ! ) Healing in vacuo. 

(2) Sulplnii chloiidc. 

(3) I’hosplioius compounds. 

(.1) Aldehydes. 

(5) ('ilyceu)l 

I. (;()^M)KNSATIC)N iNnUri'.ll liV 1 1 K.\ f 

If jilreiinlsulphonic acid is healed in vamo at 130" t, foi 
twenty hoiiis, coiideiisaliiui lakes place' witlioul the addition 

' Ausli I’.U , 6.1,. 179 
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of any condensing agent, and an anhydride of the composition 

' 11SO3 HSO3 

is formed. This product is a viscous liquid, possessing a very 
corrosive action. Added to a solution of gelatine, a light, fine 
fiocculent precipitate is thrown down. Analysed by the 
shake method of analysis, the tannin content of the product 
equals about 46 per cent. Its strongly acidic and hence 
swelling character does not express qualities consistent with 
the conception of suitability for tanning purposes; a sample 
of the product was therefore partly neutrali.sed to the acidity 
of Neradol D, when the shake method of analysis yielded the 
following figures : — 

Tanning matters - - - 2 1.5 per cent. 

Soluble non-tannins - - - 48.3 „ 

Water - - ■ - 30.2 ,, 


100,0 per cent. 

This paitly neutralised sulphonic acid represents a white, 
pasty mass, which is not paiticularly easily soluble in water, 
yielding a solution of milky appeatance. Tiealed with the 
usual tannin reagents, it exhibits the following cliaiactcristics; — 


Gelatine 
Jhomine watei - 
Feme chloiicle 
Lead acetate - 

Aniline hydrochloiicle - 


Light nocciilent piecijtitate 
Complete fixation. 

Clieny-tcd coloialion 
Very slight precipitate, insoluble 
HNO3. 

Slight precipitate. 


Solutions of this product in concentrations from I'-S Ho, 
exerted no tanning action whatever, wheieas mote concentrated 
•solutions (15' Bd.) convetted pelt in eight cltiys into a Icatlicr 
very’ similar to a Neradol D leather in coloui and feel, but 
considerably hardei. 

In order to determine its phlobaphcne-solubilising effccl.s, 
samplesof the product w'erc mixed with concentrated qucbi acho 
extract in the pioportions 5, 10, 20, and 30 pet cent, on the 
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weight of extract, and the following observations made : — 
5 and lO per cent, were without effect, 20 and 30 per cent, 
showed some solubilising tendency, but on diluting the mixture 
with water the quebracho was completely thrown out of 
solution, Apparently this anhydride i.s, in this lespcct also, 
quite different fiom the paiLly neuLialised diphcnylmelhane' 
disulphonic acid, 


2. CONDKNSATION WITH SULI’IIUR CHLORIDE 

When sulphur chloride is allowed to act upon phcnol- 
.sul[)honic acid whilst heat is applied, a yellowish-grey mass 
results, which dissolves in water, forming a reddish-yellow 
solution. Neiitrali.sed to acidity lo, it exhibits the following 
rcaclion,s : — 


Gelatine 
Feu ic chloride - 
Lead acetate - 
Aniline hydrochloride - 
Urotninc water - 


Precipitate. 

Deep blue coloration. 

While precipitate, insoluble HNOg, 
Precipitate. 

No reaction. 


The partly neutralised 2' lie. solutirin of this product 
yielded a reddish-grey coloured leather, tire qualities of which 
were very' similar to that yielded by Neradol D. 


3. Condensation with Fiiosi'iioru.s Comi'ounds 

.Schiff’s well- known synthesis,' in which irhosphnuis 
oxyclilniidc inteiacts with ]rhenolsulplionic acid, yields a 
pinduct which exhibits some tannin reactions, but which, 
when acting on pelt, con veils the latter into ;i Ictilhcr which, 
when (hied, is veiy citicky. If, on Hie other h.'uul, cresol- 
siiliihonic acid is condensed with phosphorus oxychloiide by 
healing the two logelliei', piodiicts emiiientl)' suitable foi 
tanning pin poses result. 'I'liese products are non-ci yslalline 
txidies easily soluble in vvalei,an(l aie colouied bluish-violet 
by leriic chloride and preri[)ilate gelatine. .Solutions ol the 


' Liebig's Jtnii , 178, 17.1 
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free acids and acidified solutions of the salts convert pelt 
into firm and white leathers possessing great softness and 
pliability.' 


4, Condensation avitii Aldehydes 

By treating phenols 11 fphonic acid with acetaldehyde in the 
usual way, a viscous brown mass is obtained, which is very 
soluble in water, the solution being of a brown colour. When 
brought to acidity 10, the following reactions are exhibited 
by the product ; — 


Gelatine 
Fen ic chloride - 
Atpieoiis ammonia 
Lead acetate - 

Aniline hydrochloride - 

Bromine walei - 


Precipitate. 

Deep blue coloration. 

Cheriy-red coloration. 

Yellowish piecipitalc, insoluble 
HNOa. 

Yellow precipitate, soluble exce.ss 
aniline. 

No reaction, 


Tanning experiments with this substance yielded, even 
after extended tannage, an unclertanned leather, the surfaces 
being coloured brown, the mnei layeis, however, white, 
p'orthci neutralisation reduces the tanning intensity of the 
product ; the addition of sodium sulphate to the original partly 
neutralised jrroducl hastened tannage, the lealhei, however, 
possessing daik colour and being underlanned. The following 
con.stitution may be ascribed to this pioducl: — 


Oil 

Oil 

/\ ('ll ri[ 

/ ' 

U ■ 

u 

II.SO, 

IISO 


If bcn/.aldehyde is used in lieu of acetaldehyde for con- 
densing phcnolsulphonic acid, a water-soluble product icsults, 
exhibiting reactions similar to those of tlie acetaldehyde- 
condensation product. The former product is more suitable 


' Austi. Pat., 06,895. 
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as a tanning agent and yields a reddish-brown ratlier firm and 
hard leather ; it possesses the constitution — 



]‘or the purpose of condensing phenol with formaldehyde, 
it is not essential to first convert the phenol into the water- 
soluble phenolsulphonic acid, since it is possible to convert 
the condensation products of phenol and its derivatives, which 
arc soluble ii\ alhali, into water-soluble form by either heating 
the condensation pioducts with concentrated solutions of 
formaldehyde and neutral sulphites, or by dissolving the con- 
densation products in alkali and inducing reaction by means 
of formaldehyde bisulphite.^ Highly concentrated solutions 
result, which may be concentrated either as such or after the 
alkali present has been neutralised. The sulphurous acid 
formed prevent.s oxidation of the product on evaporation. A 
special advantage of this method of preparation is the fact 
that sulphuric acid, which is but difficultly removed from tlie 
cnd-pioduct, is not employed at all. 

The ptoduct thus obtained is a yellowish-white crumbly 
mass, which is very soluble in watei, forming a clear solution. 
The latter exhibits the following leactions: — 

Piucipiiale. 

1 )eep blue coloialion. 

( hcny-icd coloialion. 

While pia ipilalc, insolubU' in 
UNO,,. 

Aniline hydiochloiidi Piccijiitalc 

Illumine watei - Noiwution. 

'I'he jHoduct hi ought to acidity to, yielded on .inalyhis die 
following figures ; -- 

' Ciillcfiiiiw, Kjl 5, 518, p.| 


(IcliUinu 
I'Yiiii chlondu- 
AiiuuoLis aiiiinonia 
Lend acetate 
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Tanning matters 
Soluble non-tannins - 
Insolubles - 
Water 


25. z per cent. 

56.5 .. 

0,0 „ 

i8-3 » 


100,0 per cent. 


Tanning experiments with this substance yielded white 
and soft leathers, which were indistinguishable from those 
tanned with Neradol D, 

A characteristic feature of this synthetic tannin is its 
behaviour in concentrated form towards pelt, which is not 
attacked by it, but is readily tanned even at such high con- 
centrations. An explanation of this is to be found in the 
large quantity of salts picsent in the product, A disadvantage 
of this .synthetic tannin is its complete incapability of dissolving 
phlobaphencs, which is even so far extended as to piecipitate 
otherwise easily soluble tannins when adding it to solutions 
of the lattei in comparatively laige proportions; here, again, 
the salts ate lesponsiblc for this behaviour, their large quantities 
effecting a salting out of the natural tannins. 

The class of aldehyde condensations also comprises that 
of inducing condensation by means of sugars ; if phenol- 
sulphonic acid is healed with glucose, a reddish-brown liquid 
results, which is soluble in water. The solution exhibits 
reactions similar to those ofNeiadol D. It is, however, not 
possible, by this method of condensation, to prepaic as highl)’ 
concentrated pioducts as is possible in the case of Nciadt^l D, 
since empUiying sugaii as condensation agents means liberation 
of a laigc volume of watci. Analysis of this pioduct, using 
the shake method, gives a tannin content of 16.2 pci cent. ; 
tanning cxpciimenls demonstrated that the time of tannage, 
using a 2 Be. solution, was the .same as that required by 
Neradol 1 ), and yielded a leather, the surface of which was 
rcddish-gie)', the inner laycr.s being white, but winch is other- 
wise very similar to Neiadol D tanned Icathei.^ 

Rclali\cl)' to its capalnlily of solubilising phlobaphencs, 
ihl.s product exhibits similai ptoiicilics to that obtained by 


' Aiislr Pat , 69,375, 69,376, 69,377. 
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M'' 

mi'H'ly hriiiiiij.; pliciuilsiilphonic acid, lo a slight extent 
mil)' snluliilisiiip, quclu.u'ho exti'iul, whicli, on diluting the 
inixtiiii', i'. t ompIcU-l)' thrown out ol hukition. 


s. (■dNDI'.NHATION with (ilA'CKKOt, , 

rhcnol'ailphniiii; acid, when heated witli glycerol, undergoes 
tin pioi ol ( utiiii‘n'.alitm, and forms a brown fluid, which, 
whr-n broil}', h! to at iiiit)’ to, exhibits the lollowing icactions : — 


I 11-1.111111' 

I’l M II I Idol idi- 

I I-.hI .11 l-tilll- 
\iii1iiii- hyilioi hloiidi' 


I’li-ripiiute. 

blown hlui'k coloratiou. 

While preeipiiaLe, insolulile in 
UNO,,. 

Slight ]iH-ri|)iiate. 


1 .omini; i-xpei imnil-i with this pailly neutralised product 
ii--.oltid ill it vei)' th'idiial conversion of the pell into a 
iii'.h loloiiii-d le.Uher ; the colour, however, does not 
jii'in ti.ile till- ]iclt and i-i hence caused by colloidally .suspended 
nnpniilie-, II llie -.oliilion i-, filleied tin ougli a fillei caiulle, 
.1 -.oini-whal t li .iier -.olulion n-sulls, but the latter tilso lau.s 
M i\ -.lowh .uiil ) U'lil'i a brown coloured leatliei. 

,\ii.dv'.ei ol till- ]i.ully iieuti .ilis<-d pioduet reveals a tannin 
iDiitiiu ol i;'(> pet ii-iil. /\ lie solution of the non- 
n< oil. ill .111 I'll idiii I •.bowed a i.ij'ul lanning efj'ect at fust, when 
biouyhl ml" mnl.iil with pelt, on whuh it liad a sluing 
•.welhm', elliit,.inil to whnh it iniji.iitid .t gieein'sh colour, 
Ihi l.iniimi', 1 llei l, ho\\e\-ei| slowed down i oiisidei .dily, allei a 
{, ,1, li.is .Old ihr ‘.ohitiiiu |u Dili. did the pill only \ei_\ 
|.| .iilii.illi , till. I. piiili.d'U due to the pif.iiHi- of l.u}',( 

, iii,iiiUl ii . 1 .1 I I illi ad.dl)' ‘.U'.pi mil d impui it w liu h, w hen tin- 
III, I. It,, I 1, p.iitU IK uti.dr.i d withthi loim.iliouol ‘..ill-, ol 
ill, .,i||,houii .Kid., .Ill liungdit lull' liiu Mihitioii ,ukI hem e 
p, 111 It lie the pi It w ilh I'.ii .111 1 i,l]ildU\ 

i90T 
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